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A b s t r a c t
T h e  l i p id  c o m p o s i t i o n  i n  t e r m s  of  c o m p o n e n t  l i p i d s  an d  
c o m p o n e n t  a c i d s  -  of f a r m e d  a n d  w i l d  A t l a n t i c  s a l m o n  (S a l m o  s a l a r )  
w a s  s t u d i e d  a t  v a r i o u s  s t a g e s  of t h e i r  l i f e  c y c l e ,  u p  to  a n d  i n c l u d i n g  
s e x u a l  m a t u r a t i o n .  L i p i d s  w e r e  e x t r a c t e d  s e p a r a t e l y  f r o m  f l e s h ,  
l i v e r  an d  g o n a d  o r g a n s  f o r  t h i s  s t u d y .  T h e  m a j o r i t y  of s a m p l e s  
e x a m i n e d  in  t h i s  w o r k  w e r e  f r o m  f a r m e d  s a l m o n  a n d  to  d e t e r m i n e  
t h e  i n f l u e n c e  of  t h e  d i e t  on  t h e i r  l i p i d  c o m p o s i t i o n ,  a  s a m p l e  o f  
t h e  d i e t  f e d  to  f a r m e d  s a l m o n  w a s  e x t r a c t e d  an d  i t s  l i p i d s  a n a l y s e d .
T h e  d i e t a r y  l i p i d  i s  c o m p o s e d  m a i n l y  of n e u t r a l  l i p i d s ,  
p a r t i c u l a r l y  t r i a c y l g i y c e r o l s ,  w i t h  m i n o r  a m o u n t s  of  p o l a r  l i p i d s  
( p h o s p h a t i d y l  c h o l i n e ,  p h o s p h a t i d y l  e t h a n o l a m i n e , p h o s p h a t i d y l  
i n o s i t o l  a n d  c a r d i o l i p i n ) .
T h e  f a t t y  a c i d  c o m p o s i t i o n  of  t h e  d i e t a r y  l i p i d  c o m p o n e n t s  
s u g g e s t e d  t h a t  th e  d i e t a r y  l i p i d  w a s  a  m i x t u r e  of  v e g e t a b l e  o i l s ,  
s e e d  o i l s  a n d  f i s h  r n e a l ( s ) .
T h e  m a j o r  n e u t r a l  l i p i d s  of s a l m o n  t i s s u e s  w e r e  t r i a c y l ­
g i y c e r o l s ,  c h o l e s t e r o l  a n d  c h o l e s t e r o l  e s t e r s  w h i l e  th e  d o m i n a n t  
p o l a r  l i p i d s  w e r e  p h o s p h a t i d y l  c h o l i n e  an d  p h o s p h a t i d y l  e t h a n o l a m i n e ,  
w i th  s m a l l e r  a m o u n t s  of c a r d i o l i p i n ,  p h o s p h a t i d y l  i n o s i t o l ,  
p h o s p h a t i d y l  s e r i n e  a n d  spHnngomyelin.
T h e  m a j o r  f a t t y  a c i d s  p r e s e n t  in  a l l  s a m p l e s  e x a m i n e d  
i n c l u d e d  s a t u r a t e d  a c i d s  ( m a i n l y  16:0 a c c o m p a n i e d  b y  14:0  and  18 :0) ,  
m o n o e n e  a c i d s  (1 6 :1 ,  18:1 a n d  2 0 :1 ,  w i t h  l o w e r  l e v e l s  o f  22:1 a n d  
2 4 :1 ) ,  t h e  n - 6 g r o u p  of a c i d s ,  of  w h i c h  o n ly  18:2  a n d  20:4 a r e  
c o n s i s t e n t l y  n o t i c e a b l e ,  a n d ,  a t  a  m u c h  h i g h e r  l e v e l ,  t h e  n - 3 g r o u p  
of a c i d s  w i t h  2 2 :6  )> 2 0 : 5 ' ^  22 :5  »  o t h e r  m e m b e r s .
N e u t r a l  l i p i d s  ( m a i n l y  T G )  w e r e  h i g h e s t  i n  t h e  f l e s h  
a n d  l e a s t  i n  t h e  l i v e r  w h e r e  c o r r e s p o n d i n g l y  p o l a r  l i p i d s  (P C  
a n d  P E )  w e r e  h i g h e s t .
V a r i a t i o n s  o c c u r r e d  in  f a t t y  a c i d  c o m p o s i t i o n  i n  r e l a t i o n  
to  l i p i d  c l a s s  ai ld l i p i d  s i t e  ( f l e s h ,  l i v e r  a n d  g o n a d s ) .  P h o s p h a t i d y l  
c h o l i n e s  h a d  t h e  h i g h e s t  p r o p o r t i o n  of  s a t u r a t e d  a c i d s  a t  a l l  t h r e e  
s i t e s ,  w h e r e a s  t r i a c y l g i y c e r o l s  h a d  t h e  h i g h e s t  m o n o e n e  an d  n - 6  
p o l y e n e  a c i d  c o n t e n t .  T h e  p h o s p h o l i p i d s  h a d  v e r y  h i g h  l e v e l s  of 
n - 3  p o l y e n e  a c i d s  a t  a l l  t h r e e  s i t e s ,  w h e r e a s  t r i a c y l g i y c e r o l s  h a d  
l o w e r  l e v e l s  of t h e s e  a c i d s ,  a l t h o u g h  t h e  d i f f e r e n c e  w a s  l e s s  m a r k e d  
i n  t h e  g o n a d s .
T h e  t o t a l  l i p i d  l e v e l s  a n d  t h e  l i p i d  c l a s s  c o m p o s i t i o n  of 
f a r m e d  a n d  w i l d  s a l m o n ,  a l l  o f  w h i c h  h a d  s p e n t  t w e l v e  m o n t h s  i n  
s e a  w a t e r ,  d i f f e r e d  o n l y  i n  t h e  g o n a d s ,  w h e r e  t h e  a m o u n t  of  l i p i d  
i n  t h e  w i l d  s a l m o n  w a s  g r e a t l y  i n c r e a s e d .  T h i s  w a s  r e f l e c t e d  i n  
a  h i g h e r  p r o p o r t i o n  of  t r i a c y l g i y c e r o l s  p r e s e n t  i n  t h e  w i l d  s a l m o n .
T h e  m a j o r  d i f f e r e n c e  b e t w e e n  t h e  f a t t y  a c i d  c o m p o s i t i o n  of  
f a r m e d  a n d  w i ld  s a l m o n  w a s  t h e  h i g h e r  c o n c e n t r a t i o n  of l i n o l e i c  
a c i d  i n  t h e  f a r m e d  s a l m o n  t r i a c y l g i y c e r o l s  f r o m  a l l  t h r e e  s i t e s  
c o m p a r e d  to  w i ld  s a l m o n  t r i a c y l g i y c e r o l s .  T h i s  w a s  a t t r i b u t e d  to  
t h e  h i g h e r  l i n o l e i c  a c i d  c o n t e n t  i n  t h e  d i e t  of  f a r m e d  s a l m o n  
c o m p a r e d  to  t h a t  p r e s e n t  i n  t h e  n a t u r a l  m a r i n e  d i e t .
W i t h  m a t u r a t i o n  t h e r e  w a s  a d e c r e a s e  in  t h e  t o t a l  l i p i d  
c o n t e n t  o f  f l e s h ,  l i t t l e  c h a n g e  i n  t h e  l i v e r ,  a n d  a n  i n c r e a s e  f o r  
t h e  g o n a d s .  T h e  p r o p o r t i o n  o f  n e u t r a l  l i p i d s  d e c r e a s e d u p o n  
m a t u r a t i o n ,  a t  a l l  t h r e e  s i t e s .
/D u r i n g  t h e  p e r i o d  u p  to  a n d  i n c l u d i n g  m a t u r a t i o n ,  t h e r e
a p p e a r e d  to  be  s e l e c t i v e  m o b i l i s a t i o n  of  t h e  f a t t y  a c i d s  of  h e p a t i c
p o l a r  l i p i d s ,  C an d  C ^ s a t u r a t e d  a n d  m o n o e n o i c  a c i d s  i n c r e a s i n g
w h i l e  th e  C ^ q a n d  n - 3  p o l y e n o i c  a c i d s  ( p a r t i c u l a r l y  22 :6)
d e c r e a s e d .  I n  t h e  g o n a d a l  p h o s p h a t i d y l  c h o l i n e s ,  m a t u r a t i o n  w a s
a c c o m p a n i e d  b y  a n  i n c r e a s e  in  t h e  G a n d  G n - 3  p o l y e n o i c  a c i d s
a n d  a  d e c r e a s e  i n  t h e  s a t u r a t e d  a n d  m o n o e n o i c  G ,  , a n d  G , „  a c i d s ,16 18
N o s i g n i f i c a n t  indivmdti«i d i f f e r e n c e s  w e r e  o b s e r v e d  i n  e i t h e r  
t o t a l  l i p i d  l e v e l s  o r  l i p i d  c o m p o s i t i o n  i n  t h e  f l e s h  a n d  l i v e r  of  a  
g r o u p  of m a l e  a n d  f e m a l e  f a r m e d  s a l m o n  w h i c h  o r i g i n a t e d  f r o m  t h e  
s a m e  s e a  w a t e r  p e n ,  a n d  h a d  b e e n  f e d  th e  s a m e  d i e t .
T o
G i l l  an d  S a r a h
D e c l a r a t i o n
i
I h e r e b y  d e c l a r e  t h a t  t h i s  t h e s i s  i s  a r e c o r d  of th e  
r e s u l t s  of m y  ow n e x p e r i m e n t s ,  t h a t  i t  i s  m y  own c o m p o s i t i o n ,  
and  th a t  i t  h a s  no t  p r e v i o u s l y  b e e n  p r e s e n t e d  in  a p p l i c a t i o n  f o r  
a  h i g h e r  d e g r e e .
-T ? '  ^;.....-,  ^. "vF-
R e s e a r c h  S u p e r v i s o r
■3
I
C e r t i f i c a t e  . \
I h e r e b y  c e r t i f y  t h a t  G r a h a m  J o h n  D o n a c h ie  h a s  “
c o m p l e t e d  tw e l v e  t e r m s  of r e s e a r c h  w o r k  u n d e r  m y  s u p e r v i s i o n ,  i
h a s  f u l f i l l e d  the  c o n d i t i o n s  of th e  R e s o l u t i o n  of th e  U n i v e r s i t y  ■
C o u r t  1967,  N o .  1 (St.  A n d r e w s )  and  th a t  he  i s  q u a l i f i e d  to 
s u b m i t  the  a c c o m p a n y i n g  t h e s i s  i n  a p p l i c a t i o n  f o r  th e  d e g r e e  j
of D o c t o r  of P h i l o s o p h y .
C a r e e r
I g r a d u a t e d  in 1975 f r o m  th e  U n i v e r s i t y  of S t .  A n d r e w s  
w i th  th e  d e g r e e  of B a c h e l o r  of  S c i e n c e .
I t h e n  s tu d ie d  f o r  an  M . S c . d e g r e e  in  C l i n i c a l  B i o c h e m i s t r y  
a t  t h e  U n i v e r s i t y  of N e w c a s t l e - u p o n - T y n e  w h ic h  I c o m p l e t e d  in  
S e p t e m b e r  1976.
I w a s  a d m i t t e d  a s  a  r e s e a r c h  s tu d e n t  in the  U n i t e d  C o l l e g e ,  
U n i v e r s i t y  of  S t .  A n d r e w s  in O c t o b e r  1 976,  w i th  a  CA SE s tu d e n t s h i p  
p r o v i d e d  by the  S c i e n c e  R e s e a r c h  C o u n c i l .  U n i l e v e r  R e s e a r c h ,  
A b e r d e e n  w a s  the  c o - o p e r a t i n g  body .
T h e  m a j o r i t y  of t h i s  w o r k  w a s  c a r r i e d  o u t  in  th e  D e p a r t m e n t  
of C h e m i s t r y ,  U n i v e r s i t y  of S t .  A n d r e w s ,  u n d e r  t h e  s u p e r v i s i o n  of 
P r o f e s s o r  F . D .  G u n s t o n e ,  D . S c . ,  F . R . I . C . .  I n  a c c o r d a n c e  w i th  
th e  c o n d i t i o n s  of  t h e  S c i e n c e  R e s e a r c h  C o u n c i l  C A S E  a w a r d ,  I 
s p e n t  s e v e r a l  p e r i o d s  at  U n i l e v e r  R e s e a r c h ,  A b e r d e e n  u n d e r  the  
s u p e r v i s i o n  of D r .  M . C .  K e i t h .
A c k n o  wl e d g e m e  nt  s
I would  l i k e  to e x p r e s s  m y  s i n c e r e  g r a t i t u d e  to  
P r o f e s s o r  F . D .  G u n s t o n e  f o r  h i s  i n v a lu a b le  h e l p  a n d  e n c o u r a g e m e n t  
th r o u g h o u t  t h i s  p r o j e c t .
I a m  i n d e b te d  to  P r o f e s s o r  L o r d  T e d d e r  and  P r o f e s s o r  
P . A . H .  W y a t t  f o r  p r o v i d i n g  l a b o r a t o r y  f a c i l i t i e s  a t  t h e  C h e m i s t r y  
D e p a r t m e n t ,  U n i v e r s i t y  of St .  A n d r e w s .
I a m  v e r y  g r a t e f u l  to  D r .  M . C .  K e i t h  and  h i s  s t a f f  a t  
U n i l e v e r  R e s e a r c h ,  A b e r d e e n  f o r  t h e i r  w i l l in g  h e l p  and  c o - o p e r a t i o n  
a t  a l l  t i m e s .
X would  a l s o  l i k e  to  thanlc E u g e n e  H a m m o n d  an d  D e r e k  F a v e l l  
U n i l e v e r  R e s e a r c h ,  C o l w o r t h  H o u s e ,  f o r  r u n n i n g  s e v e r a l  G C - M S  
s a m p l e s  and  a s s i s t i n g  m e  w i th  th e  i n t e r p r e t a t i o n  of  th e  r e s u l t s ,
I m u s t  t h a n k  th e  t e c h n i c a l  s ta f f  a t  th e  C h e m i s t r y  D e p a r t m e n t  
(St.  A n d r e w s )  f o r  t h e i r  v a l u a b l e  a s s i s t a n c e .  A s p e c i a l  w o r d  i s  due 
a l s o  f o r  M r s .  W i l m a  P o g o r z e l e c  f o r  c a r e f u l l y  t y p i n g  th i s  t h e s i s .
F i n a l l y ,  I m u s t  t h a n k  th e  S c i e n c e  R e s e a r c h  C o u n c i l  f o r  m y  
m a i n t e n a n c e  g r a n t ,  U n i l e v e r  R e s e a r c h  f o r  t h e i r  a s s i s t a n c e ,  b o th  
t e c h n i c a l  and  f i n a n c i a l ,  and  to  t h e  C h e m i s t r y  D e p a r t m e n t  (St.  A n d r e w s )  
w h o s e  f i n a n c i a l  s u p p o r t  e n a b l e d  m e  to  c o m p l e t e  the  f in a l  y e a r  of 
m y  r e s e a r c h .
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A b b r e v i a t i o n s
F a t t y  a c i d s  a r e  r e p o r t e d  in  s h o r t h a n d  by  showing the 
n u m b e r  of c a r b o n  a t o m s  fo l lo w e d  by a  c o lo n  and a  f i g u r e  
d e n o t in g  the  n u m b e r  of m u l t i p l e  b o n d s .  T h e  n a t u r e  of  un  s a t u r a t i o n  
( s h o w n  by  th e  l e t t e r  c^  i n d i c a t i n g  c i s  o le f in ic )  and  i t s  p o s i t i o n  
r e l a t i v e  to  the  c a r b o x y l  g r o u p  a r e  g iven  in  p a r e n t h e s i s ,
e g .  18r l  (9c)  i s  o l e i c  a c i d
18:2 (9£, 12c^) i s  l i n o l e i c  a c i d .
In  t h i s  t h e s i s  a l l  th e  f a t t y  a c i d s  d i s c u s s e d  c a n  b e  a s s u m e d  to  h a v e  
th e  c i s c o n f i g u r a t i o n  u n l e s s  o t h e r w i s e  s t a t e d ,
A g i v e s  th e  p o s i t i o n  of the  dou b le  bond c o u n t in g  f r o m  the  c a r b o x y l  
end  and  n - x  s h o w s  i t s  l o c a t i o n  f r o m  the  m e t h y l  end v / h e r e  x  i s  the  
p o s i t i o n  of th e  f i r s t  dou b le  bond  c o u n t in g  f r o m  th e  m e t h y l  end .
Ag '^TLC
e g ,  18:3 (n -3 )  i s  18:3 (A 9 ,A 1 2 ,A 1 5 )  
A r g e n t a t i o n  th i n  l a y e r  c h r o m a t o g r a p h y
DEGS D i e t h y l e n e  g ly c o l  s u c c i n a t e
EGSS E t h y l e n e  g lyc o l  s u c c i n a t e
G LC G a s  l i q u id  c h r o m a t o g r a p h y
G C - M S G a s  c h r o m a t o g r a p h y  -  m a s s  s p e c t r o m e t r y
M M o l e c u l a r  ion
E C L E q u i v a l e n t  c h a i n  l e n g th
T E C T h i n  l a y e r  c h r o m a t o g r a p h y
I^f r e t e n t i o n  in d e x  (T L C )
TG T r i a c y l g l y c e r o l
C E C h o l e s t e r o l  e s t e r s
C H O L C h o l e s t e r o l
DG D i a c y l  g l y c e r o l
■r" o ■ ■ L.'-----.L-- LZ _v ' !..
( c o n t . )
F F A  F r e e  f a t t y  a c i d s
P C  P h o s p h a t i d y l  c h o l in e
P E  P h o s p h a t i d y l  e t h a n o l a m i n e
PS P h o s p h a t i d y l  s e r i n e
P I  P h o s p h a t i d y l  i n o s i t o l
SM S p h in g o m y e l i n  .
C L  C a r d i o l i p i n
P  P h o s p h o r u s
%
T,;. . a- .7--/ . ’rri= -■’.'.v - .-;
A b s t r a c t
T h e  l i p id  c o m p o s i t i o n  in  t e r m s  of c o m p o n e n t  l i p i d s  and  
c o m p o n e n t  a c i d s  - of f a r m e d  and  w i ld  A t l a n t i c  s a l m o n  (S a l m o  s a l a r )  
w a s  s tu d ie d  at  v a r i o u s  s t a g e s  of t h e i r  l i fe  c y c l e ,  u p  to and  i n c l u d i n g  
s e x u a l  m a t u r a t i o n .  L i p i d s  w e r e  e x t r a c t e d  s e p a r a t e l y  f r o m  f l e s h ,  
l i v e r  and  gonad  o r g a n s  f o r  t h i s  s tu d y .  T h e  m a j o r i t y  of s a m p l e s  
e x a m i n e d  in t h i s  w o r k  w e r e  f r o m  f a r m e d  s a l m o n  a n d  to d e t e r m i n e  
the  i n f l u e n c e  of t h e  d i e t  on  t h e i r  l ip id  c o m p o s i t i o n ,  a  s a m p l e  of 
the  d i e t  fed  to f a r m e d  s a l m o n  w a s  e x t r a c t e d  and  i t s  l i p i d s  a n a l y s e d .
T h e  d i e t a r y  l ip id  i s  c o m p o s e d  m a i n l y  of n e u t r a l  l i p i d s ,  
p a r t i c u l a r l y  t r i a c y l g i y c e r o l s ,  w i th  m i n o r  a m o u n t s  of p o l a r  l i p id s  
( p h o s p h a t i d y l  c h o l i n e ,  p h o s p h a t i d y l  e t h a n o l a m i n e ,  p h o s p h a t i d y l  
i n o s i t o l  and  c a r d i o l i p i n ) .
T h e  f a t t y  a c i d  c o m p o s i t i o n  of the  d i e t a r y  l i p id  c o m p o n e n t s  
s u g g e s t e d  t h a t  the  d i e t a r y  l i p id  w a s  a m i x t u r e  of v e g e t a b l e  o i l s ,  
s e e d  o i l s  and  f i s h  m e a l ( s ) .
T h e  m a j o r  n e u t r a l  l i p i d s  of s a l m o n  t i s s u e s  w e r e  t r i a c y l -  |
g l y c e r o l s ,  c h o l e s t e r o l  and  c h o l e s t e r o l  e s t e r s  w h i l e  th e  d o m i n a n t  |
p o l a r  l i p i d s  w e r e  p h o s p h a t i d y l  c h o l i n e  and  p h o s p h a t i d y l  e t h a n o l a m i n e ,  |
w i th  s m a l l e r  a m o u n t s  of c a r d i o l i p i n ,  p h o s p h a t i d y l  i n o s i t o l ,  Ijp h o s p h a t i d y l  s e r i n e  and  spfcngornyelin.  û
T h e  m a j o r  f a t t y  a c i d s  p r e s e n t  in  a l l  s a m p l e s  e x a m i n e d  |
i n c lu d e d  s a t u r a t e d  a c i d s  ( m a i n l y  16:0 a c c o m p a n i e d  by  14:0 and 18:0) , Im o n o e n e  a c i d s  (16 :1 ,  18:1 and  20 :1 ,  w i th  l o w e r  l e v e l s  o f  22:1 and  |
24 :1 ) ,  the  n - 6  g ro u p  of a c i d s ,  of w h ich  on ly  18:2 and  20:4 a r e  
c o n s i s t e n t l y  n o t i c e a b l e ,  an d ,  a t  a  m u c h  h i g h e r  l e v e l ,  the  n - 3  g r o u p  |
of a c i d s  w i th  22 :6  y  20:5  "y 22 :5 »  o t h e r  m e m b e r s .  $
N e u t r a l  l i p i d s  ( m a i n l y  TG) w e r e  h i g h e s t  in  the  f l e s h  
and l e a s t  in  the  l i v e r  w h e r e  c o r r e s p o n d i n g l y  p o l a r  l i p i d s  (PC 
and P E )  w e r e  h i g h e s t .
V a r i a t i o n s  o c c u r r e d  in  f a t t y  a c i d  c o m p o s i t i o n  i n  r e l a t i o n  
to l i p id  c l a s s  and  l i p id  s i t e  ( f l e s h ,  l i v e r  and  g o n a d s ) .  P h o s p h a t i d y l  
c h o l i n e s  had  the  h i g h e s t  p r o p o r t i o n  of s a t u r a t e d  a c i d s  a t  a l l  t h r e e  
s i t e s ,  w h e r e a s  t r i a c y l g i y c e r o l s  h a d  the h i g h e s t  m o n o e n e  and n - 6  
p o ly e n e  a c i d  c o n t e n t .  T h e  p h o s p h o l i p i d s  h a d  v e r y  h i g h  l e v e l s  of 
n - 3  p o l y e n e  a c i d s  a t  a l l  t h r e e  s i t e s ,  w h e r e a s  t r i a c y l g i y c e r o l s  had  
l o w e r  l e v e l s  of t h e s e  a c i d s ,  a l t h o u g h  the  d i f f e r e n c e  w a s  l e s s  m a r k e d  
i n  th e  g o n a d s .
T h e  t o t a l  l i p id  l e v e l s  an d  the  l ip id  c l a s s  c o m p o s i t i o n - o f  
f a r m e d  and  wi ld  s a l m o n ,  a l l  of w h ic h  h a d  s p e n t  tw e l v e  m o n t h s  in  
s e a  w a t e r ,  d i f f e r e d  o n ly  in  th e  g o n a d s ,  w h e r e  t h e  a m o u n t  of  l ip id  
in th e  w i ld  s a l m o n  w a s  g r e a t l y  i n c r e a s e d .  T h i s  w a s  r e f l e c t e d  in 
a h i g h e r  p r o p o r t i o n  of t r i a c y l g i y c e r o l s  p r e s e n t  in  the  w i ld  s a l m o n .
T h e  m a j o r  d i f f e r e n c e  b e t w e e n  th e  f a t t y  a c i d  c o m p o s i t i o n  of 
f a r m e d  and  wi ld  s a l m o n  w a s  th e  h i g h e r  c o n c e n t r a t i o n  of l i n o l e i c  
a c i d  in  t h e  f a r m e d  s a l m o n  t r i a c y l g i y c e r o l s  f r o m  a l l  t h r e e  s i t e s  
c o m p a r e d  to w i ld  s a l m o n  t r i a c y l g i y c e r o l s .  T h i s  w a s  a t t r i b u t e d  to 
th e  h i g h e r  l i n o l e i c  a c i d  c o n t e n t  i n  the  d i e t  of f a r m e d  s a l m o n  
c o m p a r e d  to t h a t  p r e s e n t  in  t h e  n a t u r a l  m a r i n e  d i e t .
W i th  m a t u r a t i o n  t h e r e  w a s  a d e c r e a s e  in  th e  t o t a l  l ip id  
c o n t e n t  of  f l e s h ,  l i t t l e  c h a n g e  in  th e  l i v e r ,  an d  a n  i n c r e a s e  f o r  
th e  g o n a d s .  T h e  p r o p o r t i o n  of  n e u t r a l  l i p i d s  d e c r e a s e 4 u p o n  
m a t u r a t i o n ,  a t  a l l  t h r e e  s i t e s .
D u r i n g  th e  p e r i o d  u p  to and  in c lu d in g  m a t u r a t i o n ,  t h e r e  
a p p e a r e d  to be s e l e c t i v e  m o b i l i s a t i o n  of th e  f a t t y  a c i d s  of  h e p a t i c  
p o l a r  l i p i d s ,  G ^^ and  C  ^^ s a t u r a t e d  and  m o n o e n o i c  a c i d s  i n c r e a s i n g  
w h i le  the  C ^ q an d  p o ly e n o ic  a c i d s  ( p a r t i c u l a r l y  22:6)
d e c r e a s e d .  In  the  g o n a d a l  p h o s p h a t i d y l  c h o l i n e s ,  m a t u r a t i o n  w a s  
a c c o m p a n i e d  by  an  i n c r e a s e  in  th e  C a n d  G n - 3  p o ly e n o ic  a c i d s
and  a d e c r e a s e  in  th e  s a t u r a t e d  and  m o n o e n o ic  G ,  , and  C ,  ^ a c i d s .16 18
No s i g n i f i c a n t  ind iv i id t tà i ld i f fe rences w e r e  o b s e r v e d  in  e i t h e r  
t o t a l  l i p id  l e v e l s  o r  l ip id  c o m p o s i t i o n  i n  th e  f l e s h  a n d  l i v e r  of a  
g r o u p  of m a l e  and  f e m a l e  f a r m e d  s a l m o n  w h ic h  o r i g i n a t e d  f r o m  the  
s a m e  s e a  w a t e r  p e n ,  an d  h a d  b e e n  fed  the  s a m e  d i e t .
I .  IN T R O D U C T IO N
%
1. C om ponen t  A cids  of L ip id s  f r o m  Aquat ic  A n im a l s
T h e  f a t t y  a c i d s  d e r i v e d  f r o m  l i p id s  of a q u a t i c  o r i g i n  a r e  
m o r e  c o m p l e x  t h a n  t h o s e  o b ta in e d  f r o m  p l a n t s  and  la n d  a n i m a l s .
T h e  d i s c o v e r y  in  r e c e n t  y e a r s  of m a n y  f a t t y  a c i d s  of n o v e l  s t r u c t u r e  
f r o m  a q u a t i c  s o u r c e s  h a s  s e r v e d  to e m p h a s i s e  t h i s  b e l i e f .  T h e s e  
a c i d s  inc luded :  (a) m e t h y l  b r a n c h e d  a c i d s ,  (b) o d d - c h a i n  l e n g th  
a c i d s ,  (c) n o n - m e t h y l e n e  i n t e r r u p t e d  d ie n o ic  a c i d s ,  (d) 
p o ly e n o ic  a c i d s  (and  o t h e r  u n u s u a l  p o ly e n o ic  a c i d s ) ,  (e) a c i d s  w i th  
t r a n s  un  s a t u r a t i o n ,  and  (f) a c i d s  c o n t a in in g  a f u r a n o i d  r i n g  s y s t e m ^
T h e s e  a c i d s , a r e  u s u a l l y  m i n o r  c o m p o n e n t s  of a q u a t i c  l i p i d s ,  
a l t h o u g h  t h e i r  l e v e l s  c a n  i n c r e a s e  s i g n i f i c a n t l y  u n d e r  s p e c i a l  
c i r c u m s t a n c e s .
T he_Majojr  A c i  ^ s _
(i) S t r u c t u r e
I t  h a s  a l s o  b e e n  r e p o r t e d ^ ' ^  t h a t  f a t s  o f  a q u a t i c  o r i g i n  a r e  
c h a r a c t e r i s e d  b y  th e  fo l low ing  f e a t u r e s :
(a) T h e  c o m p o n e n t  a c i d s ,  u s u a l l y  e x c e e d in g  20 in  n u m b e r ,  v a r y  in 
c h a i n  l e n g th  f r o m  G to G^^^ and  m a y  a l s o  c o n t a i n  m i n o r  a m o u n t s  
of a c i d s  w i th  12, 26 o r  a n  odd n u m b e r  of c a r b o n  a t o m s ;
(b) S a t u r a t e d  a c i d s  25%) a r e  m a i n l y  p a l m i t i c  (16:0 ,  15-20%) 
a c c o m p a n i e d  u s u a l l y  by m y r i s t i c  (14:0) and  s t e a r i c  (18:0);
(c) M o n o e n e  a c i d s  (35-60% ),  w h i l s t  p r e d o m i n a n t l y  G  ^^ ( m a i n l y  A 9 
and  A l l ) ,  a l s o  i n c lu d e  C , (A 9), G (A9 and  A l l )  an d  G _ _ ( A l lX O ^ U Ciù
an d  A 13) a c i d s ;
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(d) T h e  r e m a i n i n g  a c i d s  a r e  m a i n l y  p o l y e n e s  of the  n - 6 (18 :2  to 22:5) 
a nd  n - 3 (18:3 to 22:6) f a m i l i e s .  T h e  l a t t e r  g r o u p  p r e d o m i n a t e  and  i
m o s t  l i p i d s  f r o m  a q u a t i c  - s o u rces  c o n t a i n  the  20:5  and  22:6 n - 3  
a c i d s  a s  m a j o r  c o m p o n e n t s .
T h e  n a t u r e  and  th e  r e l a t i v e  p r o p o r t i o n s  of a c i d s  f r o m  a q u a t i c  
a n i m a l s  a r e  v e r y  v a r i a b l e  and th e y  a r e  i n f l u e n c e d  by  m a n y  e x t e r n a l  
f a c t o r s ,  h e n c e  th e  ab o v e  s t a t e m e n t s  t e n d  to o v e r s i m p l i f y  a c o m p l e x  
s i t u a t i o n .
T h e  o r i g i n  of t h e s e  fa,tty a c i d s  and  t h e  e x t e r n a l  f a c t o r s  w h ic h  
r e g u l a t e - t h e i r  r e l a t  ive  p ro p o r t i o n s  and  c o m p o s i t i o n ,  a r e  now  c o n s i d e r e d .
(ii) O r i g i n
T h e  f a t t y  a c i d s  f r o m  t h e  l i p i d s  of a q u a t i c  a n i m a l s  a r e  e i t h e r  
s y n t h e s i s e d  d i r e c t l y  f r o m  C ^  p r e c u r s o r s  ( e n d o g e n o u s )  o r  t h e y  a r e  
d e r i v e d  f r o m  th e  d i e t  ( e x o g e n o u s ) .
(a) E n d o g e n o u s  a c i d s
M a r i n e  o r g a n i s m s ,  in c o m m o n  wi th a l l  l i f e  f o r m s  so f a r  
e x a m i n e d ,  h a v e  th e  c a p a c i t y  to s y n t h e s i s e  f a t t y  a c i d s  de novo  f r o m  
G 2  u n i t s  s u c h  a s  a c e t a t e ,  d e r i v e d  f r o m  d i e t a r y  p r o t e i n  o r  c a r b o h y d r a t e .
T h e  end p r o d u c t  of t h e  f a t t y  a c i d  s y n t h e t a s e  i s  u s u a l l y  p a l m i t i c  a c i d  
(16:0 ) .  F a t t y  a c i d s  of  c h a i n  lengthr-  l o n g e r  t h a n  G ^^ a r e  the n  
s y n t h e s i s e d  by  f u r t h e r  s t e p w i s e  a d d i t i o n  of  two c a r b o n  u n i t s .
S a t u r a t e d  a c i d s  a r e  r e a d i l y  de  s a t u r a t e d  - m a i n l y  by a 
A 9 - de s a t u r a  se  p r e s e n t  in  l i v e r  m i c r o  s o m e  s.
c 2  a c e t a t e
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In  th e  22:1 a c i d s  found in a q u a t i c  s o u r c e s  the  A l l  (n -1 1 )  G 2 2  a c i d  i s  
m o r e  c o m m o n  t h a n  i t s  A l 3  (n-9)  i s o m e r .  T h e s e  a c i d s  a r e  l i k e l y  
to r e s u l t  f r o m  A 9 de  s a t u r a t i o n  and  c h a i n  e l o n g a t i o n  of the  G 2 g and  
G ^g  s a t u r a t e d  a c i d s  r e s p e c t i v e l y .  C o w e y  and  S a r g e n t ^  s u g g e s t e d  
t h a t  th e  A l l  (n -11 )  G 2 2  a c id ,  f o r m e d  by  t h i s  m e c h a n i s m ,  p o s s i b l y  
o r i g i n a t e d  in  the  z o o p l a n k to n  ( the  m a j o r  food  of m o s t  f i s h ) .
(b) E x o g e n o u s  a c i d s
F i s h  c a n n o t  a c c o m p l i s h  th e  de novo  s y n t h e s i s  of p o l y u n s a t u r a t e d  
f a t t y  a c i d s  of  e i t h e r  th e  n - 6  o r  n - 3  s e r i e s ,  a s  t h e y  a r e  i n c a p a b l e  
( l ik e  o t h e r  a n i m a l s )  of  i n t r o d u c i n g  a  doub le  bond  b e t w e e n  the  A 9 
and  m e t h y l  end of t h e  f a t t y  a c id  m o l e c u l e .  H o w e v e r ,  w i th  a f ew
e x c e p t i o n s ,  they c a n  f u r t h e r  e l o n g a t e  and  de s a t u r a t e  d i e t a r y  
18:2 (n -6 )  o r  18:3 (n~ 3) a s  o u t l i n e d  by  the  p a t h w a y s  s how n  b e l o w ,
n -  6
18:2 ( 9 c , 12c)
18:3 (6c^, 9p> 12c) -—---- ^  20:3 (8^ ,  H e ,  14jc)
20:4 (5c^, 8£,  11 c , 14£).— ^ 2 2 : 4  (?£ ,  10c ,13c ,  16c)
V  ,22:5 (4c,7c, 1 Oc, 13£, 1 Ô£)
1 8 : 3 ( 9 c , 1 2 c , 1 5 c )
V18:4 (Ô£, 9c,  12c ,  15 c ) ---------- 20:4 (8£,  l l £ ,  14 £ ,  17c) ■
V20:5 (5c, 8c, 1 Ic, 14c, 17j^—«>22:5 (7jc , 10c,13c, 1 6c, 19c)>
V22:6  (^, 7c, 1&, 13c_, 16jc, 19j^ j
P o l y u n s a t u r a t e d  f a t t y  a c i d s  of the  n - 6 and  n - 3  f a m i l i e s  a r e  e s s e n t i a l
3d i e t a r y  f a c t o r s  f o r  f i s h .  In  t h e  t r o u t  , d e f i c i e n c y  of t h e s e  r e s u l t  
in  a  s e r i e s  of p a t h o l o g i e s  i n c lu d i n g  e r o s i o n  of th e  c a u d a l  f in ,  
m y o c a r d i t i s  and  s h o c k  s y n d r o m e .  A c c o m p a n y i n g  t h e s e  I
.
p h y s i c a l  c h a n g e s  i s  a  h igh  l e v e l  of 20:3 (n -9)  a c i d  in  th e  t i s s u e s ,
c h a i ' a c t e r i  Stic of e s s e n t i a l  f a t t y  a c i d  d e f i c i e n c y  . T h i s  n -  9 a c i d
i s  p r o d u c e d  f r o m  o le ic  a c i d  by  the  e l o n g a t in g  an d  de  s a t u r a t i n g
s y s t e m s  w h ic h  n o r m a l l y  o p e r a t e  on the  G d ie n e  and t r i e n e  a c i d s .
T h e  e s s e n t i a l  f a t t y  a c i d  r e q u i r e m e n t s  of a q u a t i c  a n i m a l s
4 5v a r y  w i th  the  s p e c i e s .  In  t h e  r a i n b o w  t r o u t  S a l m o  g a i r d n e r i i  ’ 
and  th e  p r a w n  P e n a e u s  j a p o n i c u s ^, l i n o le n ic  a c i d  (18: 3 £ - 3 )  i s  
m o r e  e f f e c t i v e  t h a n  l i n o l e i c  a c i d  (18 :2  n~6) in  c u r i n g  s y m p t o m s  
c a u s e d  by e s s e n t i a l  f a t t y  a c i d  d e f i c i e n c y ,  w h e r e a s  b o th  18:2 (n-6)
yand 18:3 (n -3 )  a r e  e q u a l l y  e f f e c t i v e  fo r  the c a r p  C y p r i n u s  c a r p l o  .
In  c o n t r a s t  to  t h e s e  a n i m a l s ,  n e i t h e r  18:2 (n*-6) n o r  18:3 (n -3)
%
e x e r t  a  g r o w t h  p r o m o t i n g  e f f e c t  f o r  the r e d  s e a  b r e a m ,  C h r y s o p h y s  |
. 8 , 9  Jm a j o r  . . ^
T h e  v a r y i n g  e f f e c t  of  d i e t a r y  18:3 (n-3)  on  the  g r o w t h  of
d i f f e r e n t  a q u a t i c  a n i m a l s  r e s u l t s  f r o m  t h e i r  d i f f e r i n g  a b i l i t y  to .j
e l o n g a t e  and de s a t u r a t e  d i e t a r y  18:3 (n-3)  to 22 :6  ( n - 3 ) .  R e c e n t l y ,
10K a n a z a w a  £ £ a i  c a r r i e d  ou t  a  s e r i e s  of e x p e r i m e n t s  on s e v e r a l
s p e c i e s  of  m a r i n e  and  f r e s h  w a t e r  f i s h ,  a s s e s s i n g  t h e i r  a b i l i t y  to
c a r r y  ou t  t h i s  b i o c o n v e r s i o n .  L i n o l e n i c  a c i d  w a s  c o n v e r t e d  to -
20:5 (n -3 )  a n d  22 :6  (n -3 )  i n t e n s i v e l y  in the  r a i n b o w  t r o u t  (S a l m o  1
g a i r d n e r i i ) , m o d e r a t e l y  in  the ay u  ( P l e c o g l o s s u s  a c t i v e l i s ),  e e l  •
(Anguil la  j a p o n i c a ) an d  p r a w n  QPenaeus j a p o n i c u s ) , bu t  on ly  s l i g h t ly  J
in  the  r e d  s e a  b r e a m  ( C h r y s o p h y s  m a j o r ), r o c k f i s h  ( S e b a s t i c u s  )
m a r m o r a t u s ) and  g lo b e f i s h  (F u g u  r u b r i p e s  r u b r i p e  s ) . T h e  m a r i n e  J
1 1 1 2f l a t f i s h ,  p l a i c e  and  t u r b o t  a r e  a l s o  r e p o r t e d  to  be  i n c a p a b l e  of  "
c a r r y i n g  ou t  t h i s  b i o c o n v e r s i o n .  R e m a r k a b l y ,  t h i s  a b i l i t y  to
1c o n v e r t  C ^ f a t t y  a c i d s  to p o l y u n s a t u r a t e d  o n e s ^ in  t h i s  c a s e
l i n o l e i c  to  a ra . c h id o n ic  ac id ^ i s  a l s o  l a c k in g  in  th e  e x t r e m ,e
c a r n i v o r e s  c a t ^ ^  F  e l i s  c a t tu  s and  l i o n ^ ^ ,  P a n t h e r  a  l e o ,  p e r h a p s
a n  e x a m p l e  of b i o c h e m i c a l  ev o lu t io n  a long  p a r a l l e l  l i n e s  b e t w e e n  t
d i v e r g e n t  f o r m s ,  e v e n  a l t h o u g h  th e y  a r e  in  qu i t e  s e p a r a t e
e n v i r o n m e n t s .  H o w e v e r ,  d i e t s  r i c h  in  h ig h l y  u n s a t u r a t e d
a c i d s  20:5 (n -3 )  and  22:6 (n -3)  a r e  m o r e  e f f e c t i v e  t h a n  18:2 (n -6)
15o r  18:3 (n -3 )  in p r o m o t i n g  w e igh t  ga in  in  f i s h  su c h  a s  p r a w n  ' 
and  r e d  s e a  b r e a r n ^ .  In  r a i n b o w  t r o u t ,  20:5 a n d  22:6  (n-3)  h a v e  
a l m o s t  e q u a l o r  s u p e r i o r ^ ^  e f f e c t s  on w e ig h t  g a in  to 18:3 ( n - 3 ) .
T h i s  h i g h e r  e s s e n t i a l  f a t t y  a c i d  a c t i v i t y  of 20:5  (n -3 )  and 22:6  (n -3 )  
c o m p a r e d  to 18:3 (n -3 )  in f i s h ,  f o r m s  a d i r e c t  a n a l o g y  w i th  
o m n i v o r o u s  m a m m a l s  w h e r e  a r a c h i d o n i c  (20:4 n - 6 )  h a s  g r e a t e r  
e s s e n t i a l  f a t t y  a c i d  a c t i v i t y  t h a n  i t s  p r e c u r s o r  18:2 ( n - 6 ) .
A s  m a r i n e  f i s h  g e n e r a l l y  r e c e i v e  a s u f f i c i e n c y  of long  
c h a i n  p o l y u n s a t u r a t e d  f a t t y  a c i d s  in  t h e i r  d i e t ,  t h e  a b i l i t y  to 
c o n v e r t ,  f o r  e x a m p l e ,  18:3 to 22 :6  (n-3)  i s  p e r h a p s  u n n e c e s s a r y  
and f i s h  s u c h  a s  r e d  s e a  b r e a m  and  g lo b e f i s h  m a y  t h e r e f o r e ^ e - v e r  
h a v e  l o s t  o r  n e v e r  a c q u i r e d  t h e  a b i l i t y  to c a r r y  out  t h i s  b i o c o n v e r s i o n ,  
a s  i t  i s  of  l i t t l e  i m m e d i a t e  v a l u e  to t h e m .
(i i i )  I n f lu e n c e  of th e  E n v i r o n m e n t
A q u a t i c  a n i m a l s  a r e  e x p o s e d  to  f l u c t u a t i n g  e n v i r o n m e n t a l  
i n f l u e n c e s  su c h  a s  t e m p e r a t u r e ,  d i e t ,  p r e s s u r e  (dep th ) ,  and 
oxy g en  c o n c e n t r a t i o n ,  a l l  of w h ic h  h a v e  a p r o f o u n d  e f f e c t  upon  
t h e i r  c o m p o n e n t  l ip id  and  f a t t y  a c i d  c o m p o s i t i o n .
j
(a) P i e t
T h e  r e l a t i o n s h i p  b e t w e e n  th e  f a t t y  a c i d  c o m p o s i t i o n  of l i p i d s  I
and the  c o n d i t i o n s  u n d e r  w h ic h  t h e  o r g a n i s m  e x i s t s ,  h a s  led  to
18 19the  c o n c e p t  of m a r i n e  and  f r e s h w a t e r  t y p e s  of  l i p i d s  ’ .
A c c o r d i n g  to t h i s ,  t h e r e  i s  a h i g h e r  p r o p o r t i o n  of  th e  C  ^^ and  C  ^^
a c i d s  in the  l i p i d s  of f r e s h w a t e r  o r g a n i s m s  ( f i s h  an d  th e  p l a n k to n ic
c r u s t a c e a n s  w h ic h  p r o v i d e  t h e m  w i th  food) by  c o m p a r i s o n  w i th
20m a r i n e  o r g a n i s m s .  A c c o r d i n g  to A c k m a n  , t h e  c l e a r e s t  
c h a r a c t e r i s t i c  d i f f e r e n c e s  b e t w e e n  th e  l i p i d s  of m a r i n e  and  
f r e s h w a t e r  f i s h  a r e :  (1) th e  h i g h e r  p r o p o r t i o n  of th e  e s s e n t i a l  
l i n o l e i c  (18 :2  n -6 )  an d  l i n o l e n i c  (18:3  n -3 )  a c i d s  in  th e  l i p i d s  of 
f r e s h w a t e r  f i s h  and  (2) th e  p r e d o m i n a n c e  of  n - 6  p o l y e n e  a c i d s  
(18:2 ,  20 :4 ,  22:4 a n d  22:5)  in  f r e s h w a t e r  f i s h  and  of  n - 3  p o ly e n e  
a c i d s  (18:3 ,  20 :5 ,  22:5  and  22:6)  in  m a r i n e  f i s h .  A s  m a r i n e  and  
f r e s h w a t e r  f i s h  p r o b a b l y  do n o t  d i f f e r  i n  t h e i r  m e c h a n i s m s  f o r  
d e p o s i t i o n ,  s y n t h e s i s  and  i n t e r c o n v e r s i o n  of f a t t y  a c i d s ,  the
d i f f e r e n c e s  in  f a t t y  a c i d  c o m p o s i t i o n  a r e  p r o b a b l y  of d i e t a r y
. . 21o r i g i n
M i g r a t o r y  f i s h  in  the  c o u r s e  of t h e i r  l i v e s  c h a n g e  
s e v e r a l  t i m e s  b e t w e e n  a f r e s h w a t e r  and  m a r i n e  e n v i r o n m e n t .
Young coho  s a l m o n  j O n c o r h y n c h u s  n e r k a  ] i n h a b i t i n g  f r e s h w a t e r  
c o n t a i n  a h igh  p e r c e n t a g e  of l i n o l e i c  a c i d  and o t h e r  n~6 p o ly e n e  
a c i d s  of t h i s  f a m i l y  in  t h e i r  l i p i d s  - t y p i c a l  " f r e s h w a t e r "  f i s h .
T h e  m a t u r e  coho  c a u g h t  in  th e  s e a  i s  s i m i l a r  to m a r i n e  f i s h ,  
h a v in g  a h ig h  c o n t e n t  of " m a r i n e "  f a t t y  a c i d s ,  20 :5  and  22:6  ( n - 3 ) .
A n g u i l l a  a n g u i l l a  e x i s t  in  f r e s h w a t e r  and  m a r i n e  f o r m s ,  w i th
th e  f a t t y  a c i d  c o m p o s i t i o n  e x p e c t e d  of t h e i r  e n v i r o n m e n t .  U n d e r
c o n t r o l l e d  c o n d i t i o n s  h o w e v e r ,  i t  h a s  b e e n  sh o w n  t h a t  t h e i r  f a t t y
a c i d  c o m p o s i t i o n  d e p e n d s  on  t h e i r  d ie t  and n o t  on  th e  s a l i n i t y  of
22the  w a t e r  in  w h ic h  th e y  a r e  k e p t  . T h u s  d i e t  i s  the  o v e r r i d i n g
f a c t o r  and  in  g e n e r a l  f i s h  l i p i d s  a r e  u s u a l l y  s i m i l a r  to th e  l i p i d s
22of t h e  food.  H o w e v e r ,  c e r t a i n  f i s h " c a n  m o d i f y  t h e  i n g e s t e d
23l ip id  c o n s i d e r a b l y .  T h i s  i s  b e s t  i l l u s t r a t e d  in  S a l m o  s a l a r  
w h e r e  th e  body l i p id  of th e  " p a r r "  f o r m  ( e a r l y  f r e s h w a t e r )  i s  l i k e  
the  l ip id  t h a t  t h e y  i n g e s t ,  bu t  the  " s m o l t "  ( l a t e r  f r e s h w a t e r )  l i p id  
i s  m o r e  l i k e  t h a t  of  th e  a d u l t  ( m a r i n e )  f o r m ,  t h o u g h  t h e r e  h a s  b e e n  
no c h a n g e  of d ie t  o r  e n v i r o n m e n t
(b) W i ld  v s  F a r m e d
D i f f e r e n c e s  b e t w e e n  the  a r t i f i c i a l  d i e t s  of  f a r m e d  f i s h  and  
the  n a t u r a l  f o o d s  of w i ld  f i s h  m a y  d i r e c t l y  i n f l u e n c e  t h e  c o m p o s i t i o n  
and  p h y s i c a l  c o n d i t i o n  of t h e  f i s h  w h ic h  c o n s u m e  t h e m ^ ^ ’
R e a r e d  f i s h  o f ten  h a v e  h i g h e r  f a t  ( l ipid)  c o n t e n t s  t h a n  t h e i r
w i ld  c o u n t e r p a r t s ^ ^ .  T h i s  h a s  b e e n  r e p o r t e d  f o r  s a l m o  ni d specie-s^'^,
2 8 27 h e r r i n g  and  b r o o k t r o ù t  , w h e r e  the  body  l i p id  c o n t e n t  of the
r e a r e d  f i s h  w a s  h i g h e r  t h a n  t h a t  to be  e x p e c t e d  f r o m  th e  d i f f e r e n c e
in l i p id  c o n t e n t s  of th e  two t y p e s  of food .  T o t a l  f a t  w a s  a l s o  found
27 28to i n c r e a s e  w i th  i n c r e a s i n g  s i z e  f o r  r e a r e d  t r o u t "  an d  h e r r i n g  , 
b u t  no t  in th e  s a m e  s p e c i e s  t a k e n  f r o m  the  s e a .  T h e  i n c r e a s e d  
f a t  w a s  m a i n l y  n e u t r a l  l i p id  ( t r i a c y l g l y c e r o l ) , th e  m a j o r  s t o r a g e  
f o r m  of e x c e s s  c a l o r i f i c  in p u t .
29P h i l l i p s  b e l i e v e d  t h a t  t h e  h i g h e r  l i p id  c o n t e n t  of  r e a r e d  
t r o u t  c o m p a r e d  to t h o s e  f r o m  the  w i ld ,  i m p l i e d  t h a t  t h e  r e a r e d  
o n e s  c o n s u m e d  m o r e  c a l o r i e s ,  w e r e  l e s s  a c t i v e ,  o r  b o th .  One 
would  e x p e c t e d  r e a r e d  f i s h  to ex p e n d  c o n s i d e r a b l y  l e s s  e n e r g y  
th a n  wi ld  o n e s  a v o i d in g  p r e d a t o r s  and  s e a r c h i n g  f o r  foo d ,  
a l th o u g h  b e h a v i o u r a l  s t u d i e s  s u g g e s t e d  th a t  r e a r e d  h e r r i n g  w e r e  
the  m o r e  a c t i v e ^ H o w e v e r ,  the  h i g h e r  l ip id  c o n t e n t  o f  the  d i e t ,  
and  i t s  e a s i e r  a v a i l a b i l i t y  f o r  the  r e a r e d  f i s h ,  p r o b a b l y  m e a n s  
t h a t  d e s p i t e  i t s  g r e a t e r  a c t i v i t y ,  the  r e a r e d  f i s h  s t i l l  h a s  s u f f i c i e n t  
e n e r g y  to s t o r e  in the  f o r m  of t r i a c y l g l y c e r o l  (T G ) .  A l th o u g h  
the  t o t a l  l ip id  l e v e l  i n c r e a s e d  w i th  i n c r e a s i n g  s i z e  f o r  r e a r e d  
h e r r i n g ,  th e  t o t a l  T G / t o t a l  l i p id  d e c r e a s e d ,  i m p l y i n g  t h a t  a s  the  
g ro w th  r a t e  i n c r e a s e d  th e  e x c e s s  e n e r g y  a v a i l a b l e  f r o m  the  food 
and n o t  n e e d e d  f o r  p r o m o t i n g  g r o w th ,  d e c l i n e d .
O t h e r  d i f f e r e n c e s  b e t w e e n  wi ld  and  f a r m e d  f i s h  h a v e  b e e n
r e p o r t e d .  T h e  f a t t y  a c id  c o m p o s i t i o n s  of v a r i o u s  o r g a n s  of w i ld
and  c u l t i v a t e d  " a y u "  s w e e t  s m e l t  ( P l e c o g l o s s u s  a l t i v e l i s ) d i f f e r
m a r k e d l y  in the  T G  f r a c t i o n s ,  a l th o u g h  t h i s  w a s  n o t  o b s e r v e d
30fo r  the  p h o s p h o l i p i d s  , I n  m u s c l e ,  th e  t o t a l  G an d  G  ^^ a c i d s  
e x c e e d e d  50% of t h e  t o t a l  f a t t y  a c i d s  f o r  w i ld  f i s h ,  bu t  w a s  a r o u n d  
40% f o r  c u l t i v a t e d  f i s h .  In  the  f a t s  of l i v e r ,  a b d o m e n  an d  s e x u a l  
o r g a n s ,  the  w i ld  h a d  h i g h e r  a m o u n t s  of 14:0,  16:1,  and  18:4 w h i le  
th e  r e a r e d  show e d  m o r e  16:0, 18:1 and  18:2.
T h e  d i f f e r e n c e s  b e t w e e n  w i ld  and  c u l t i v a t e d  f i s h  b e c o m e  
m o r e  e x t r e m e  a s  the  p e r i o d  of a r t i f i c i a l  r e a r i n g  i s  i n c r e a s e d ,  
but  so m e  a t  l e a s t ,  soon  v a n i s h  if the  c u l t i v a t e d  f i s h  a r e  t r a n s f e r r e d
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31to  a  n a t u r a l  e n v i r o n m e n t  . H o w e v e r ,  i n t r o d u c t i o n  of young
32co h o  s a l m o n  (O n c o r h y n c h u s  ke ta )  f r y  in to  seaw a . te r  w a s  r e p o r t e d  
to c a u s e  a  s u b s t a n t i a l  d i m i n u t i o n  in  th e  l e v e l s  of p o l y u n s a t u r a t e d  
f a t t y  a c i d s ,  a  p h e n o m e n o n  not  o b s e r v e d  f o r  w ild  f r y  i n  th e  m a r i n e  
e n v i r o n m e n t .  T h e  a u t h o r s  s u g g e s t e d  th a t  th e  s t r e s s e s  i m p o s e d  
by  c o n f i n e m e n t ,  g e n e r a l  h a n d l in g  p r o c e d u r e s  and  p a r t i a l  s t a r v a t i o n  
w e r e  r e s p o n s i b l e .
(c) T e m p e r a t u r e
I t  i s  now  w e l l  e s t a b l i s h e d  th a t  a n  i n v e r s e  r e l a t i o n s h i p  
e x i s t s  b e t w e e n  t h e  t e m p e r a t u r e  of a  t i s s u e  and  i t s  f a t t y  a c i d  
c o m p o s i t i o n .  In g e n e r a l ,  a s  the  t e m p e r a t u r e  of  th e  m e d i u m  f a l l s ,  
t h e r e  i s  an  i n c r e a s e  in  the  p r o p o r t i o n  of the  h ig h ly  un  s a t u r a t e d  lo n g  
c h a i n  G ^ q and  G^^  f a t t y  a c i d s  c o m p a r e d  w i th  the l e s s  u n s a t u r a t e d  
and  a c i d s .  T h i s  e f f e c t  h a s  b e e n  o b s e r v e d  in  g o ld f i sh
m u s c l e  b r a i n ^ ^ ' ^ ^  an d  i n t e s t i n a l  l i p i d s ^ ^ ,  and  in  r a i n b o w
37 3 8t r o u t  and  s e v e r a l  t y p e s  of  m a r i n e  f i s h  . T h e  i n c r e a s e  in
f a t t y  a c i d  u n  s a t u r a t i o n  m a y  be  a m e a n s  of a d j u s t i n g  m e m b r a n e
38v i s c o s i t y  w i th in  th e  r a n g e  n e c e s s a r y  f o r  m e t a b o l i c  p r o c e s s e s  
35R o o t s  s u g g e s t e d  th a t  t h i s  m o d i f i c a t i o n  of  the  f a t t y  a c i d  c o m p o s i t i o n
a s s i s t s  in  the  m a i n t e n a n c e  of p r o p e r  m e m b r a n e  f l u i d i ty  and
p e r m e a b i l i t y  f o r  e f f i c i e n t  f u n c t i o n in g  of the  n e r v o u s  s y s t e m .
35 ■R o o t s  a l s o  e m p h a s i s e d  th a t  the  l e v e l s  of the  v a r i o u s
p h o s p h o l i p i d s  i n  t h e s e  m e m b r a n e s  did  not  c h a n g e  w i th  d e c r e a s e
in t e m p e r a t u r e ,  on ly  the  d e g r e e  of u n s a t u r a t i o n  of t h e i r  f a t t y
39a c i d s .  H o w e v e r ,  De T o r r e n g o  and B r e n n e r  found a n  a c t u a l
. ^  i    ;
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d e c r e a s e  in the  a m o u n t  of p o l y u n s a t u r a t e d  a c i d s  in  t h e  l i v e r
m i c r o s o m e s  of f i s h  k e p t  a t  15^C a s  c o m p a r e d  to t h o s e  k e p t  a t
3 0 ° C , a d i s c r e p a n c y  a l s o  n o te d  by  o t h e r  w o r k e r  s ^ ^ .
P o ï k i l o t h e r m i e  a n i m a l s  s u c h  a s  f i s h  do n o t  h a v e  a
c o n s t a n t  bod y  t e m p e r a t u r e  and  t h e  a d a p t a t i o n  of p h y s i o c h e m i c a l
p r o p e r t i e s  of  t h e i r  m e m b r a n e s  to e v e r  c h a n g i n g  t e m p e r a t u r e
t h e r e f o r e  h a s  c o n s i d e r a b l e  s u r v i v a l  v a l u e .  T h e  a d a p t a t i o n  of
th e  f i s h  to a l t e r a t i o n s  in  t h e  t e m p e r a t u r e  of the  m e d i u m  cou ld
o c c u r  on the  on e  h a n d ,  by  i n n e r  m e c h a n i s m s  w h ic h  c o n t r o l  th e
d e g r e e  of un s a t u r a t i o n  of t h e i r  f a t t y  a c i d s ,  p e r h a p s  b y  i n c r e a s e d
a c t i v i t y  a t  l o w e r  t e m p e r a t u r e s  ^ . of t h o s e  s y s t e m s  r e s p o n s i b l e
fo r  lo n g  c h a i n  p o l y u n s a t u r a t e d  f a t t y  a c i d s  c o m p a r e d  to  f a t t y  a c i d
s y n t h e t a s e ,  o r  by  s e l e c t i v e  a b s o r p t i o n  of c e r t a i n  f a t t y  a c i d s  by
37the i n t e s t i n e  a t  l o w e r  t e m p e r a t u r e s  . O n  the  o t h e r  h a n d ,  the
";l
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t e m p e r a t u r e  a f f e c t s  th e  u n s a t u r a t i o n  of f a t t y  a c i d s  of f i s h  l i p i d s
4 1t h r o u g h o u t  t h e  food  c h a i n ,  F a r k a s  and  H e r o d e k  d e m o n s t r a t e d  
t h a t  C^Q and p o l y u n s a t u r a t e d  f a t t y  a c i d s  of c e r t a i n  f r e s h w a t e r  
c r u s t a c e a n s  i n c r e a s e d  w i th  d e c r e a s i n g  w a t e r  t e m p e r a t u r e .
K a y a m a  e t  a l ^ ^ f e e d i n g  b r i n e  s h r i m p  to g u p p ie s  (L e b i s t e s  r e t i c u l a t u s )  
m a i n t a i n e d  a t  d i f f e r e n t  w a t e r  t e m p e r a t u r e s ,  fo und  th a t  f i s h  
m a i n t a i n e d  in  w a r m e r  w a t e r  show ed  a r e l a t i v e  d e c r e a s e  in  16:1,
18:1 and  22 :6  f a t t y  a c i d s ,
(d) P r e s s u r e  (Depth)
L i p id  c o m p o s i t i o n  a l s o  c h a n g e s  w i th  p r e s s u r e  (dep th ) .
43L e w i s  s h o w e d  t h a t  s a t u r a t e d  f a t t y  a c i d s  of m e d i u m  c h a i n  l e n g th
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( ^ 1 6 : 0  and  ^ 1 8 : 0 )  and  a l s o  long  c h a i n  p o l y u n s a t u r a t e d  a c i d s
and  , d e c r e a s e  w i th  s p e c i e s  t h a t  l i v e  in  i n c r e a s i n g l y  d e e p
w a t e r ,  w h i le  o le i c  a c i d  i n c r e a s e s .  T h e s e  f in d i n g s  w e r e
s u p p o r t e d  by  o t h e r  w o r k e r  s*^ *^  who e x a m i n e d  the  p o ly e n o ic  f a t t y
a c i d  c o n t e n t s  of l i v e r  n e u t r a l  l i p i d s  in  s ix  s p e c i e s  of f i s h .  T h e
p r e s e n c e  of i n c r e a s e d  l e v e l s  of  o l e i c  a c id  a t  i n c r e a s i n g  d e p t h s
i s  th o u g h t  to  i n d i c a t e  the  p r e s e n c e  of  l a r g e  a m o u n t s  of  w a x  
45e s t e r s  , k n o w n  to  be  r i c h  in  t h i s  a c i d .
H o w e v e r ,  the  p r e c i s e  r e l a t i o n s h i p  b e t w e e n  the f a t t y  a c i d
c o m p o s i t i o n  of a m a r i n e  o r g a n i s m  and its p r e s s u r e  (dep th)  i s  s t i l l
no t  p r e c i s e l y  d e t e r m i n e d .  V a r i o u s  o t h e r  f a c t o r s  s u c h  a s
t e m p e r a t u r e  (h igh ly  v a r i a b l e  a t  d i f f e r e n t  d e p t h s  of the  o c e a n ) ,
th e  n a t u r e  and  a m o u n t  of th e  food supp ly ,  a d a p t a t i o n  to  d a r k n e s s
46a s  w e l l  a s  h ig h  h y d r o  s t a t i c  p r e s s u r e  , t e n d  to c lo u d  t h i s
r e l a t i o n s h i p .  I n d e e d ,  l i t t l e  i s  s t i l l  k n o w n  a b o u t  th e  m e m b r a n e  -i
47l ip id  c o m p o s i t i o n  a s  a  f u n c t i o n  of dep th  in m a r i n e  w a t e r  , n o r  
the  e f f e c t  of h y d r o s t a t i c  p r e s s u r e  on b i o m e m b r a n e  s t r u c t u r e .
(e) Sex  and  S e a s o n
I t  i s  v e r y  d i f f i c u l t  to  a t t e m p t  a s y s t e m a t i c  a p p r a i s a l  of 
" s e a s o n a l  v a r i a t i o n "  s in c e  th e  e f f e c t s  e m b r a c e  n o t  o n ly  a l l  of 
t h e  e n v i r o n m e n t a l  i n f l u e n c e s ,  b u t  a l s o  th o s e  of m a t u r i t y  and 
s p a w n in g .
T h e  q u a l i t a t i v e  and  q u a n t i t a t i v e  n a t u r e  of  th e  l i p i d s  in
the  n a t u r a l  d ie t  m a y  v a r y  t h r o u g h o u t  the  y e a r  an d  t h i s  c a n  be
r e f l e c t e d  in  the  f a t t y  a c i d  c o m p o s i t i o n  of th e  body  l i p i d s  of the  
4 8f i s h .  L o v e r n  found  a r a p i d  r i s e  in b o th  th e  f a t  c o n t e n t  an d
13
i t s  d e g r e e  of i m s a t u r a t i o n ,  p r i o r  to the  s p a w n in g  s e a s o n ,  a s  a
r e s u l t  of  the  i n g e s t i o n  of l a r g e  a m o u n t s  of un  s a t u r a t e d  l ip id
d u r i n g  t h i s  p e r i o d .  T he  c o n t e n t  of p o l y u n s a t u r a t e d  f a t t y  a c i d s
49in  the  h e p a t o p a n c r e a s  ( fo o d s to r e )  of the  y e l lo w  c l a m
( M e s o d e s m a  m a c t r o i d e s )  h a s  b e e n  r e p o r t e d  to i n c r e a s e  in
s u m m e r ,  c o - i n c i d i n g  w i th  a n  i n c r e a s e  of p h y to p l a n k to n  in  the
50s e a  w a t e r .  S l i g h t . ,  v a r i a t i o n s  h a v e  b e e n  o b s e r v e d  in  the  
p r o p o r t i o n s  of 20: 1 f a t t y  a c i d s  in  the  f l e s h  l i p i d s  of cod  c a u g h t  
d u r i n g  s u m m e r  r e l a t i v e  to the  p r o p o r t i o n  of t h o s e  c a u g h t  a t  
o t h e r  t i m e s .
H o w e v e r ,  f o r  a n a d r o m o u s  f i s h  l ike  the  s a l m o n ,  th e  s t a g e
in  i t s  l i fe  c y c l e  m u s t  be c o n s i d e r e d  a s  w e l l  a s  the  s e a s o n .  T h e
m u s c l e  l ip id  c o n t e n t  of w ild  O n c h  M a  su p a r r  of  b o th  the  r e s i d u a l
and  s e a w a r d  m i g r a t i o n  ty p e ,  d u r i n g  f r e s h w a t e r  h a b i t a t i o n ,  d e c r e a s e s
51g r a d u a l l y  f r o m  s u m m e r  to w i n t e r  a s  the  d i e t  d e c r e a s e s
H o w e v e r ,  in  s p r i n g  th e  s e a w a r d  m i g r a t o r y  ty p e  of M a  su  s a l m o n
p a r r  h a s  a l o w e r  l ip id  c o n t e n t  in i t s  m u s c l e  c o m p a r e d  w i th  the
r e s i d u a l  ty p e  of  p a r r ,  and  in  p a r t i c u l a r ,  l o w e r  l e v e l s  of p a l m i t o l e i c
and o le ic  a c i d s .  T h i s  i s  a r e f l e c t i o n  of the  a p p r o a c h i n g  s m o l t
t r a n s f o r m a t i o n  w h e r e  the  c o n s u m p t i o n  of l ip id  r e s e r v e s  ( m a i n l y
t r i a c y l g l y c e r o l s )  i n c r e a s e s  d u r i n g  the  s e a w a r d  m i g r a t i o n  and
a m o n g  the  f a t t y  a c i d s ,  th e  m o n o e n o i c  o n e s  a r e  c h i e f l y  c o n s u m e d ,
52O t h e r  w o r k e r s  h a v e  a l s o  r e p o r t e d  the  p r e f e r e n t i a l  u t i l i s a t i o n  of  
long  c h a i n  m o n o e n o i c  a c i d s  by m i g r a t i n g  s a l m o n .
-I
o b s e r v e d  f o r  S a l m o  t r u t t a  an d  b o th  f r e s h w a t e r  an d  s a l t w a t e r  
55f i s h  in  g e n e r a l  . F e m a l e  g o n a d s  of th e  s a l m o n i d  s p e c i e s
g e n e r a l l y  g r o w  to a l a r g e r  s i z e  t h a n  t h o s e  of the  m a l e  and
t h e r e f o r e  th e y  c o n s u m e  l a r g e r  a m o u n t s  of t h e i r  l i p id  r e s e r v e s ,
56b o th  f o r  e n e r g y  and  g r o w t h ,  d u r i n g  s p aw n ing  m i g r a t i o n
23H o w e v e r ,  in  s p i t e  of d i f f e r e n c e s  in gonad s i z e ,  L o v e r n  
a c t u a l l y  found m o r e  b ody  l ip id  u s e d  up by  m a l e  S a l m o  s a l a r  d u r i n g  
s p a w n in g  m i g r a t i o n ,  p r o b a b l y  b e c a u s e - o f  r e p e a t e d  f ig h t in g  
amongst  t h e m s e l v e s  a s  t h e y  a s c e n d e d  the  r i v e r .
C h a n g e s  h a v e  b e e n  o b s e r v e d  in f a t t y  a c i d  c o m p o s i t i o n  j
in  r e l a t i o n  to  b o th  s e x  and s e a s o n .  O u t s i d e  th e  b r e e d i n g  s e a s o n
i t  w a s  found  t h a t  the  l i v e r  o i l s  in f e m a l e  cod  c o n t a i n e d  i n c r e a s i n g
a m o u n t s  of C ^ q a n d  r n o n o u n s a t u r a t e d  f a t t y  a c i d s  a s  the
l i p id  c o n t e n t  of th e  l i v e r  i n c r e a s e d .  In m a l e s  t h i s  s e a s o n a l
t r e n d  w a s  n o t  e x h i b i t e d ,  a n d  no o t h e r  f a t t y  a c i d s  v a r i e d  in  t h i s
w a y .  T h e  f a t t y  a c i d s  of  f l e s h  l i p id s  v a r i e d  i n d e p e n d e n t l y  of  
50 53s e x  . D e  W i t t  o b s e r v e d  a n  i n c r e a s e  in  m o n o  and  p o l y u n s a t u r a t e d  
f a t t y  a c i d s  i n  the  h e p a t i c  l i p i d s  of  cod  d u r i n g  the  w i n t e r  and  s u m m e r  I
m o n t h s ,  a n  a b r u p t  d e c r e a s e  t a k i n g  p l a c e  d u r i n g  the  M a r c h  s p a w n in g  
s e a s o n .  No s ig n i f i c a n t  v a r i a t i o n  in  s a t u r a t e d  f a t t y  a c i d s  w a s  
o b s e r v e d  t h r o u g h o u t  the  a n n u a l  c y c l e .
T h e  m o s t  m a r k e d  d i f f e r e n c e s  b e t w e e n  th e  s e x e s  o c c u r  
a t  t i m e s  of the  y e a r  w h e n  th e  g o n ad s  a r e  a c t i v e ,  and  p a r t i c u l a r l y  
w h e n  p r e p a r i n g  f o r  s p a w n in g .  T h e  f e m a l e s  of m a n y  s p e c i e s  a r e  
f r e q u e n t l y  l a r g e r  t h a n  the  m a l e s  b e c a u s e  the  m a l e s  te n d  to m a t u r e  
e a r l i e r  and  th i s  t e n d s  to sLow t h e i r  g ro w th  r a t e .  T h i s  h a s  b e e n
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D u r i n g  th e  m a t u r a t i o n  of f i s h ,  th e  l ip id  c o n t e n t s  of  bo th
the l i v e r  and  g o n a d s  i n c r e a s e s ,  th e  l a t t e r  d e c r e a s i n g  a f t e r  
57s p aw n in g  . In  r a i n b o w  t r o u t  (S a l m o  g a i r d n e r i i ) , m a t u r a t i o n
of the  f e m a l e  g o n a d s  i s  b e l i e v e d  to t a k e  p l a c e  a t  t h e  e x p e n s e
of s t o r e d  v i s c e r a l  l i p id  ( m a i n l y  TG) w h ich  i s  t r a n s f e r r e d  to Î
t h e  l i v e r ,  w h e r e  i t  i s  t h e n  e x t r u d e d  in the  blood in  th e  f o r m  of
58 59l i p o p r o t e i n  and  t r a n s p o r t e d  to the  o v a r y  , L o v e r n  b e l i e v e d  |
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t h a t  a  h igh  s e l e c t i v i t y  of t T a n s f e r r e d  i n d i v id u a l  f a t t y  a c i d s  w a s
show n  f r o m  the  body  l i p id  of S a l m o  s a l a r  to the  d e v e l o p i n g  o v a r i e s ,
t h o s e  f a t t y  a c i d s  m o b i l i s e d  b u t  n o t  r e q u i r e d ,  b e i n g  u s e d  a s  f u e l .
A s  th e  o v a  of t h i s  s p e c i e s  m a t u r e ,  th e  r e l a t i v e  p r o p o r t i o n s  of
C ^ g u n s a t u r a t e d  a c i d s  w i th i n  the  l i p i d s  show a s t e a d y  i n c r e a s e ,
23w h i le  C  ^^ a c i d s ,  bo th  s a t u r a t e d  an d  un  s a t u r a t e d ,  d e c l i n e
P r e s u m a b l y  b e c a u s e  of d i f f e r i n g  r e q u i r e m e n t s  of the g o n a d s ,  
s o m e  d i f f e r e n c e s  h a v e  b e e n  o b s e r v e d  in  the  l i p id  f r a c t i o n s  of  t h e  
two s e x e s  d u r i n g  m a t u r a t i o n .  In S a l m o  s a l a r  t h e  c o n c e n t r a t i o n  
of p a l m i t o l e i c  a c i d  in th e  l i p id  r e s e r v e s  d r o p s  s t e a d i l y  w h i l e  
0 ^ 2  a c i d s  show a . m a r k e d  r i s e  in  the  m a l e  an d  l i t t l e  c h a n g e  in
59t h e  f e m a l e  , In  t h e  cod  (G a d u s  m o r h u a ) , l o n g  c h a i n  m o n o u n s a t u r a t e d  
f a t t y  a c i d s  f r o m  th e  l i v e r  a r e  p r e f e r e n t i a l l y  u t i l i s e d  f o r  the 
s y n t h e s i s  of p a r t i c u l a r  l i p i d s  in  th e  d e v e l o p in g  e g g s ^ ^ .
M a t u r a t i o n  a l w a y s  d e p l e t e s  the  l ip id  r e s e r v e s  of the  f i s h .
T h i s  e f f e c t  i s  p a r t i c u l a r l y  m a r k e d  f o r  s a l m o n i d  f i s h  w h ic h  r e f u s e  
to  f e e d  w h i le  a s c e n d i n g  the  r i v e r s  to  s p a w n .  T h i s  v o l u n t a r y  
s t a r v a t i o n  c a u s e s  s u c h  m a s s i v e  d e p l e t i o n  of the  l i p id  r e s e r v e s  
of th e  f i s h  th a t  th e  u s u a l  r e s u l t  i s  a  p o s t - s p a w n i n g  d e a t h .
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P o s t - s p a w n i n g  p in k  s a l m o n  ( Q n c o r h y c h u s  g o r b u s c h a )  a r e  
61r e p o r t e d  to  l a c k  th e  a b i l i t y  to s y n t h e s i s e  t r i a c y l g l y c e r o l s ,  
T h i s  c o r r e l a t e s  w i th  a d e c r e a s e  in  l i v e r  t r i a c y l  g l y c e r o l s ,  
u s e d  up  by  s t a r v i n g  f i s h ,  t h e i r  f a t t y  a c i d s  b e in g  m o b i l i s e d  
in  the  f o r m  of c h o l e s t e r o l  e s t e r s  a s  e n e r g y  s o u r c e s .
■          '   ' .
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2.  M a r i n e  L i p id  C l a s s e s
(i) N e u t r a l  L i p i d s
a) T r i a c y l g l y c e r o l s
In t r i a c y l g l y c e r o l s  a l l  t h r e e  g l y c e r o l  h y d r o x y l  g r o u p s  
a r e  e s t e r i f i e d  to  f a t t y  a c i d s  ( s e e  F i g .  1). y
T r i a c y l g l y c e r o l s  a r e  found i n  a l l  l i f e  f o r m s ,  I n c lu d in g  
m a r i n e  o r g a n i s m s .  H o w e v e r ,  u n l ik e  t h e i r  t e r r e s t i a l  c o u n t e r p a r t s ,  
t r i a c y l g l y c e r o l s  a r e  by no  m e a n s  t h e  on ly  o r  e v e n  the  m a j o r  
r e s e r v e  l i p id  in  m a r i n e  a n i m a l s .  C r u s t a c e a n  z o o p l a n k to n  and  
o t h e r  c r u s t a c e a n s  u s u a l l y  c o n t a in  t r i a c y l g l y c e r o l s  in v a r y i n g  
a m o u n t s ,  bu t  w a x  e s t e r s  a r e  f r e q u e n t l y  th e  m a j o r  n e u t r a l  l ip id  
c l a s s .  ' N e v e r t h e l e s s ,  t r i a c y l g l y c e r o l s  a r e  p r e s e n t  in  n e a r l y  a l l  
s p e c i e s  o f f i s h  and  th e y  a r e  m a j o r  c o n s t i t u e n t s  of a d i p o s e  t i s s u e  
and  m a r i n e  o i l s .
S t e r e o s p e c i f i c  a n a l y s i s ^ ^  h a s  r e v e a l e d  th a t  m a r i n e  
t r i a c y l g l y c e r o l s  a r e  b a s i c a l l y  s i m i l a r  to t h o s e  of t e r r e s t i a l  
m a m m a l s ,  i n  h a v i n g  s a t u r a t e d  a c i d s  c o n c e n t r a t e d  at  p o s i t i o n s  
1 and  3 and  p o l y u n s a t u r a t e d  f a t t y  a c i d s  c o n c e n t r a t e d  on  p o s i t i o n  
2. In  g e n e r a l ,  m a r i n e  t r i a c y l g l y c e r o l s  a r e  c h a r a c t e r i s e d  by  
r e l a t i v e l y  h i g h e r  p r o p o r t i o n s  of n - 3  p o ly e n o ic  a c i d s ,  n o t a b l y  
20:5 ,  22:5  and  22:6 ,  c o m p a r e d  to t e r r e stiaT p l a n t s  and  a n i m a l s  
w h ic h  c o n t a i n  h i g h e r  p r o p o r t i o n s  of  G  ^^ and  G  ^^ a c i d s .
-=s « - 'vA ' -  " "  '  "  - - i r T v - y c  i. - > -  • •••'£’•=•• - y v '  >■•■-.•-• " ■-; •• n - ' '  •••'•T: ''■•••. < '  V .  .<•
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b) C h o l e s t e r o l  and  C h o l e s t e r o l  e s t e r s
G l y c e r o l  i s  by f a r  th e  m a j o r  a l c o h o l  found  e s t e r i f i e d  to 
long  c h a i n  f a t t y  a c i d s  in  m a r i n e  o r g a n i s m s ,  bu t  a n o t h e r  i m p o r t a n t  
a l c o h o l  w h ic h  c a n  be found in  e s t e r i f i e d  a n d  u n e s t e r i f i e d  f o r m s  i s  
c h o l e s t e r o l  ( s e e  F i g u r e  1).
C h o l e s t e r o l  i s  i m p o r t a n t  a s  a m e m b r a n e  c o n s t i t u e n t  and
a s  a p r e c u r s o r  of the  s t e r o i d  h o r m o n e s  and  b i l e  a c i d s .  C h o l e s t e r o l  vj
i s  p r e s e n t  i n  th e  b lo o d  s t r e a m  m a i n l y  a s  a n  e s t e r ,  b e i n g  in v o lv e d  in
l i p id  t r a n s p o r t  a s  a n  i n t e g r a l  c o n s t i t u e n t  of  l i p o p r o t e i n s .  I t  h a s  s
b e e n  r e p o r t e d ^ ^  th a t  th e  V L D L  ( v e r y  low  d e n s i t y  l i p o p r o t e i n )  of
s a r d i n e  a r e  v e r y  r i c h  i n  c h o l e s t e r o l  e s t e r s  in  c o n t r a s t  to l a nd
m a m m a l s  w h e r e  th e  c h o l e s t e r o l  e s t e r s  a r e  m a i n l y  a s s o c i a t e d  w i th
t h e  L D L  (low d e n s i t y  l i p o p r o t e i n )  f r a c t i o n .  H o w e v e r ,  t h e  L D L  and
a l l  the  o t h e r  s e r u m  l i p o p r o t e i n s  of L a t i m e r i a  h a v e  a  v e r y  lo w  c o n t e n t
64of c h o l e s t e r o l  e s t e r  . T h e  c h o l e s t e r o l  e s t e r s  of l a n d  m a m m a l s
a r e  v e r y  r i c h  i n  p o l y u n s a t u r a t e d  f a t t y  a c i d s  and  t h i s  i s  t r u e  a l s o  f o r  "I
64th e  c h o l e s t e r o l  e s t e r s  of t h e  s a r d i n e  and  M y x in e ,  b u t  no t  th e  c o e l o c a n t h  i |  
C h o l e s t e r o l  and  i t s  e s t e r s  a r e  u s u a l l y  p r e s e n t  a s  low 
p r o p o r t i o n s  of the  t o t a l  n e u t r a l  l i p id ,  bu t  in s p e c i a l  c i r c u m s t a n c e s  
t h e i r  l e v e l s  m a y  b e  g r e a t l y  i n c r e a s e d ^ ^ .
c) W a x  e s t e r s
A lo n g  c h a i n  f a t t y  a c i d  e s t e r i f i e d  to  a lo n g  c h a i n  f a t t y  
a l c o h o l  i s  t e r m e d  a w ax  e s t e r .  M a r i n e  w ax  e s t e r s  u s u a l l y  
c o n t a i n  on ly  p r i m a r y  f a t t y  a l c o h o l s  w h ich  a r e  p r e d o m i n a n t l y  
s a t u r a t e d  and  m o n o u n s a t u r a t e d .  T h e  c o m p o s i t i o n  of the
19
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f a t t y  a c id  m o i e t y  i s  u s u a l l y  m o r e  c o m p l e x ,  t h o u g h  no t  a s  c o m p l e x  
a s  t y p i c a l  m a r i n e  t r i a c y l g l y c e r o l s .  In d e e p  s e a  c r u s t a c e a n s  
and  m e s o p e l a g i c  and  ba thyp ie lag ic  f i s h ,  16:0 and  18:1 a r e  t h e  
m a j o r  a l c o h o l s ,  w h e r e a s  th e  m a j o r  a c i d s  a r e  16:1 and e s p e c i a l l y  
18:1.
Z o o p l a n k to n  c r u s t a c e a n s  s u c h  a s  the  c a l a n o i d  c o p e p o d s ,
a r e  p a r t i c u l a r l y  r i c h  in  w a x  e s t e r s .  T h e  p r e s e n c e  o f  l a r g e
a m o u n t s  of w a x  e s t e r s  in  t h i s  s p e c i e s  i s  b e l i e v e d  to  b e  the
65r e s u l t  of a d a p t a t i o n  to  tw o d i f f e r e n t  t y p e s  of e n v i r o n m e n t  
F i r s t l y ,  l a r g e  a m o u n t s  of w ax  e s t e r s  a r e  a c c u m u l a t e d  in  c o p e p o d s  
w h ic h  i n h a b i t  a n  e n v i r o n m e n t  su c h  a s  th e  A r c t i c ,  w h e r e  food 
(p lank ton)  i s  on ly  p l e n t i f u l  f o r  s h o r t  p e r i o d s  of f r e q u e n t  feed ing^  
fo l lo w ed  by a  f a m i n e .  S e c o n d l y ,  in  m i d  to d e e p  o c e a n i c  w a t e r s  
( m e s o  and  b a t h y p e l a g i c  r e g i o n s )  w h e r e  b o th  a n i m a l  an d  p l a n t  
l i f e  i s  s c a r c e .  L a r g e  a m o u n t s  of w ax  e s t e r s  a r e  s t o r e d  a s  
l i p id  r e s e r v e s  in c r u s t a c e a n s  w h ic h  in h a b i t  t h i s  e n v i r o n m e n t  
( c o p e p o d s ,  e u p h a u s i d s ,  m y s i d s  an d  d e c a p o d s ) . F o r  s i m i l a r  
r e a s o n s  m e s o p e l a g i c  and  b a t h y p e l a g i c  f i s h  s u c h  a s  d e e p  s e a  
co d  ( m o r i d a e )  and  m y c t o p h i d s  h a v e  a l s o  b e e n  r e p o r t e d  to c o n t a i n  
w ax  e s t e r s
T h e  c a l a n o i d  c o p e p o d s  p l a y  an  i m p o r t a n t  r o l e  in  th e  
m a r i n e  food c h a i n  a s  t h e y  a r e  the  m a j o r  food of s e v e r a l  s p e c i e s  
of  fi.sk  i n c lu d i n g  young  s a l m o n ,  h e r r i n g  an d  m a c k e r e l .  I t  
fo l l o w s  th a t  w a x  e s t e r s  a r e  one  of t h e  d o m i n a n t  d i e t a r y  
c o n s t i t u e n t s  of t h e s e  f i s h .
r- - ’.-s'-
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(d) G l y c e r y l  e t h e r s
T h e  n o n - s a p o n i f i a b l e  f r a c t i o n  of m a n y  m a r i n e  o i l s  c o n t a i n  
g l y c e r y l  e t h e r s  ( a l k y l g l y c e r o l s )  d e r i v e d  f r o m  th e  c o r r e s p o n d i n g  
a l k y l d i a c y l g l y c e r o l s  ( s e e  F i g .  1).
C h i m y l ,  b a t y l  and  s e l a c h y l  a l c o h o l s  a r e  g l y c e r y l  m o n o e t h e r s  
d e r i v e d  f r o m  t h e  long  c h a i n  a l c o h o l s  c o r r e s p o n d i n g  ^ 1 6 0 '  ^18*0  
and  C ^ r e s p e c t i v e l y .  T h e s e  m a j o r  n a t u r a l l y  o c c u r r i n g  
g l y c e r y l  e t h e r s  a r e  u s u a l l y  e s t e r i f i e d  w i th  one o r  tw o  f a t t y  a c i d s .
B o th  a l k y l  and  a l k - l ' - e n y l  g l y c e r y l  e t h e r s  ( p a r t i c u l a r l y  t h e i r  
d i e s t e r  f o r m s )  a r e  found  i n  h ig h  p r o p o r t i o n s  in  the  l i p i d s  of 
c e r t a i n  m a r i n e  s p e c i e s .  T h e  f a t t y  a c i d s  of a l k y l d i a c y l g l y c e r o l s  
u s u a l l y  c o v e r  a  w id e r  s t r u c t u r a l  r a n g e  th a n  th e  a l k y l  m o i e t i e s .
A l k y l d i a c y l g l y c e r o l s  (d i a c y l  a lk y l  g l y c e r y l  e t h e r s )  a r e  |
found  in l a r g e  a m o u n t s  in  t h e  l i v e r  and  m u s c u l a t u r e  o f  the  s p u r  
d o g f i s h ,  S q u a l u s  a c a n t h i  a s  and  in  th e  l i v e r  o i l  of th e  r a t f i s h  
C h i m a e r a  m o n s t r o s a . H ig h  p r o p o r t i o n s  of t h e s e  l i p i d s  a r e  found 
in  a  v a r i e t y  of (equal  old) s h a r k s ,  e s p e c i a l l y  t h o s e  f r o m  m e  so and  
b a t h y p e l a g i c  r e g i o n s .
W a x  e s t e r s  a r e  a l s o  found  in  m a r i n e  s p e c i e s  i n h a b i t i n g  
t h e s e  r e g i o n s  and  a m a r k e d  s i m i l a r i t y  b e t w e e n  t h e s e  two n e u t r a l  
l i p i d s  i s  in  the  a lk y l  m o i e t i e s  of a l k y l d i a c y l g l y c e r o l s  (16 :0 ,  16:1 
and  18:1) and  t h e  a l c o h o l  m o i e t i e s  of w ax  e s t e r s .
In  m a r i n e  o r g a n i s m s  w ax  e s t e r s  and  a l k y l d i a c y l g l y c e r o l s ,  
a s  w e l l  a s  f u l f i l l i n g  th e  s a m e  b a s i c  r o l e  o f  n e u t r a l  l i p i d s  in a l l  i
l i f e  f o r m s  i e .  a s  e n e r g y  r e s e r v e s ,  a r e  b e l i e v e d  to g e n e r a t e  
b u o y a n c y  an d  h e l p  a q u a t i c  a n i m a l s  a c h i e v e  a n  a d v a n t a g e o u s ,
.1
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w e i g h t l e s s  c o n d i t i o n .
m o l e c u l e  u s u a l l y  d i f f e r  in  t h e i r  c h a i n  l e n g t h  ( u s u a l l y  C to
f o r  m a r i n e  l i p i d s ) ,  d e g r e e  of un s a t u r a t i o n  a.nd b r a n c h i n g .  In " 
m a r i n e  o r g a n i s m s ,  p o l y u n s a t u r a t e d  f a t t y  a c i d s  a r e  u s u a l l y  
c o n c e n t r a t e d  a t  p o s i t i o n  2 w h i le  p a l m i t i c  a c i d  i s  c o n c e n t r a t e d  
on  p o s i t i o n  1, P h o s p h o l i p i d s  ( p l a s m a l o g e n s )  a r e  a l s o  found 
in  w h ic h  the  long  c h a i n  a l k y l  g r o u p  i s  linlced to  th e  g l y c e r o l  
b a c k b o n e  by a  v in y l  e t h e r  l i n k a g e  a t  p o s i t i o n  1.
In  c o m m o n  w i th  o t h e r  l i fe  f o r m s ,  the  m a j o r  m a r i n e  
p h o s p h o l i p i d s  a r e  p h o s p h a t i d y l  c h o l in e ,  p h o s p h a t i d y l  e t h a n o l a m i n e ,  
p h o s p h a t i d y l  s e r i n e ,  p h o s p h a t i d y l  i n o s i t o l  a n d  s p h i n g o m y e l i n .
I
(ii) P o l a r _1ÎT&^ Ê. §)
T h e  m o s t  a b u n d a n t  p h o s p h o l i p i d s ,  found  in  e v e r y  l i v in g  |
c e l l ,  a r e  m i x e d  e s t e r s  of the  a l c o h o l  g l y c e r o l  w i th  f a t t y  a c i d s ,  -1;
p h o s p h o r i c  a c i d  an d  a n  a m i n o  a l c o h o l  ( n i t r o g e n o u s  b a s e )  o r  a  
p o l y h y d r o x y l  c o m p o u n d  ( s e e  F i g ,  2) .  A n  i m p o r t a n t ,  bu t  r a t h e r  
l e s s  a b u n d a n t  g r o u p ,  a r e  a m i d e s  of long  c h a i n  b a s e s  s u c h  a s  
s p h in g e n i n e  ( S p h in g o p h o s p h o l i p i d s ) .
V a r i o u s  g r o u p s  o c c u r  a t  p o s i t i o n  X, g iv ing  r i s e  to  a 
w ide  r a n g e  of  d e r i v a t i v e s  i n c lu d in g  p h o s p h a t i d y l  c h o l in e  (X =cho l ine ) ,  
p h o s p h a t i d y l  e t h a n o l a m i n e  (X = e t h a n o l a m i n e ) ,  p h o s p h a t i d y l  s e r i n e  
(X = s e r i n e ) ^ p h o s p h a t i d y l  i n o s i t o l  (X =inos i to l )  and  t h e  m a j o r  
s p h in g o p h o  s p h o l ip id ,  s p h i n g o m y e l i n  (X = c h o l in e ) . T h e  f a t t y  
a c i d  r e s i d u e s  e s t e r i f i e d  a t  p o s i t i o n s  1 and 2 of t h e  g l y c e r o l
's,:., . -'.'r, -iz-C >1 '
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F i g u r e  2.  S t r u c t u r e  o f  p o l a r  l i p id s
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P h o s p h o l i p i d s  a r e  a n  i n t e g r a l  p a r t  of  a l l  c e l l  b i o m e m b r a n e s  
and  a s  s u c h  a,re v i e w e d  a s  e l e m e n t s  of ’’c o n s t a n c y ” . U n l ik e  
the  t r i a c y l g l y c e r o l s  w h ic h  a r e  d e p l e t e d  d u r i n g  f a s t i n g ,  t h e  
p h o s p h o l i p i d s  a r e  n o t  u s e d  a s  r e s e r v e  s u p p l i e s  of e n e r g y ,  
e x c e p t  u n d e r  c o n d i t i o n s  of p h y s i o l o g i c a l  e m e r g e n c y ,  f o r  
e x a m p l e ,  d u r i n g  th e  spaw n ing  m i g r a t i o n  of s a l m o n i d  f i s h .
T h e  f u n d a m e n t a l  r o l e  of the  p h o s p h o l i p i d s  in  c e l l u l a r  s t r u c t u r e  
i s  s u c h  th a t  d e p l e t i o n  of t h e s e  c o m p o u n d s  m a y  c o n t r i b u t e  to  
t h e  u l t i m a t e  d e a t h  of t h i s  s p e c i e s .
M a r i n e  o r g a n i s m s  h a v e  a p r e p o n d e r a n c e  of n - 3  a c i d s
a s  c o m p a r e d  to l a n d  a n i m a l s  and  p l a n t s ,  w h e r e  n - 6  a c i d s
p r e d o m i n a t e .  M a r i n e  p h o s p h o l i p i d s  a r e  p a r t i c u l a r l y  r i c h  in
m e m b e r s  of the  n - 3  f a m i l y  of p o ly e n e  a c i d s  and  i t  h a s  b e e n  
65s p e c u l a t e d  t h a t  t h i s  p r e p o n d e r a n c e  of n - 3  a c i d s  in  m a r i n e  
l i f e  i s  i n t i m a t e l y  c o n n e c t e d  w i th  the  r e q u i r e m e n t  of m e m b r a n e s  
to  r e t a i n  t h e i r  f l u i d i t y  a t  th e  r e l a t i v e l y  low and  c o n s t a n t  
t e m p e r a t u r e s  w h ic h  a r e  a f e a t u r e  of m a r i n e  l i f e .  A n  n - 3  a c i d  
w i l l  be  m o r e  un  s a t u r a t e d  th a n  a n  n - 6 a c i d  f o r  a  g iv e n  c h a i n ,  l e n g th  
and  a s  th e  f l u i d i t y  of a  l i p id  i s  r e l a t e d  to the  d e g r e e  of  un  s a t u r a t i o n  
of i t s  f a t t y  a c i d s  ( a s  w e l l  a s  o t h e r  f a c t o r s ) ,  t h e  h igh  n - 3  c o n t e n t  
m a y  s i m p l y  r e f l e c t  a n  a d a p t a t i o n  to the  c o n s t r a i n t s  of m a r i n e  l i f e .
P h o s p h o l i p i d s  a r e  a l s o  b e l i e v e d  to p l a y  a  s p e c i a l i s e d  
fu n c t i o n  in  gi l l  t i s s u e  w h e r e  they  a r e  i n t i m a t e l y  i n v o l v e d  in the  
o s m o r e g u l a t o r y  a c t i v i t y  of t h i s  o r g a n .
I
II .  R E S U L T S  AND DISCUSSION
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1. T h e  l i f e  c y c l e  of th e  s a l m o n  ( wild  )
T w o  d i s t i n c t  e n v i r o n m e n t s  d o m i n a t e  the  s a l m o n ’s l i f e  
h i s t o r y .
(1) A  f r e s h w a t e r  e n v W o n m e n t  w h e r e  the  s a l m o n ' s  n u r s e r y  and  
r e p r o d u c t i v e  p h a s e s  o c c u r .
(2) T h e  m a r i n e  e n v i r o n m e n t ,  w h e r e  i t s  m a i n  f e e d i n g  p h a s e  and  
i t s  g r e a t e s t  w e ig h t  ga in  o c c u r s .
S p a w n in g  o r  egg  l a y in g ,  u s u a l l y  t a k e s  p l a c e  in l a t e  
a u t u m n  o r  e a r l y  w i n t e r .  T h e  eggs  a r e  l a id  in w e l l  p r o t e c t e d  
n e s t s  o r  r e d d s  u n d e r  s e v e r a l  i n c h e s  of g r a v e l  on  t h e  r i v e r  b e d .
T h e  f e r t i l i s e d  e g g s  u s u a l l y  h a t c h  in l a t e  M a r c h  o r  e a r l y  A p r i l  
an d  th e  a l e v i n s  m a k e  t h e i r  w a y  up  t h r o u g h  th e  g r a v e l  to  e m e r g e  
a s  f r y ,  f o u r  o r  f i v e  w e e k s  l a t e r ,  w hen  th e  yo lk  sac  h a s  b e e n  
a b s o r b e d .  D u r i n g  t h e  f i r s t  f ew  w e e k s  t h e r e  i s  a  h ig h  m o r t a l i t y  
d u e  to s t a r v a t i o n ,  p r e d a t i o n  and  c o m p e t i t i o n  fo r  s p a c e .
A f t e r  on e  y e a r  of l i f e ,  th e  f r y ,  now k n o w n  a s  p a r r ,  c a n  
be  r e c o g n i s e d  by  t h e  d a r k  b l o t c h e s  o r  ’’p a r r ” m a r k s  a lo n g  e a c h  
s id e  of t h e  body .  T h e  s a l m o n  p a r r  m a y  r e m a i n  a t  t h i s  s t a g e  
f o r  a n y t h in g  up  to f i v e  y e a r s ,  d e p e n d i n g  u p o n  s t r e a m  c o n d i t i o n s ,  
b e f o r e  go ing  to s e a  a s  s m o l t s .  D u r i n g  the  s m o l t  t r a n s f o r m a t i o n ,  |
p r o f o u n d  p h y s i o l o g i c a l  c h a n g e s  t a k e  p l a c e  in  t h e  young  s a l m o n ' s
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body ,  p r e p a r i n g  i t  f o r  t h e  j o u r n e y  d o w n s t r e a m  to t h e  s e a  and  
the b r a c k i s h  and  s a l t w a t e r  c o n d i t i o n s  i t  w i l l  m e e t  on  th e  w a y ,
IT h e  p h y s i c a l  a p p e a r a n c e  a l s o  c h a n g e s ,  t h e  s k in  t u r n s  s i l v e r y  ^
( c o n c e a l i n g  th e  p a r r  m a r k i n g s )  an d  p e c t o r a l  and  c a u d a l  f i n s  
t u r n  b l a c k .
T h o s e  f i s h  r e t u r n i n g  to  s p a w n  a f t e r  o n e  y e a r  i n  t h e  s e a  
a r e  t e r m e d  " g r i l s e ” , w h i l e  t h o s e  s p e n d in g  two o r  m o r e  y e a r s  
in  t h e  sea  b e f o r e  r e t u r n i n g  to f r e s h w a t e r ,  a r e  t e r m e d  
s a l m o n .
T h e  a d u l t  m a l e  an d  f e m a l e  s a l m o n  c h a n g e  i n  a p p e a r a n c e  
a f t e r  e n t e r i n g  f r e s h w a t e r ,  and  a s  s p a w n in g  t i m e  a p p r o a c h e s .
S o m e  of t h e i r  b o n e s  g r o w  s u b s t a n t i a l l y ,  i n c lu d i n g  t h e  m a i n  
b o n e s  of th e  j a w .  T h i s  i s  p a r t i c u l a r l y  n o t i c e a b l e  in  t h e  m a l e  
w h ich  d e v e l o p s  a h o o k e d  l o w e r  j a w .
W h i l e  a s c e n d i n g  th e  r i v e r s  to  s p aw n  t h e  s a l m o n  do no t  
f e e d  and  c o n c o m i t a n t l y  s u f f e r  m a s s i v e  d e p l e t i o n  of t h e i r  body  
r e s e r v e s .  T h i s  t r e m e n d o u s  r e d u c t i o n  in body w e ig h t  (up to 
40%) w h ic h  the  s a l m o n  s u f f e r  i s  b e l i e v e d  to be  t h e  c a u s e  of the  
h ig h  m o r t a l i t y  r a t e ,  p a r t i c u l a r l y  a m o n g  m a l e s .  A n o t h e r  
t h e o r y  f o r  t h e  d e a t h  of  p o s t - s p a w n i n g  s a l m o n  ( " k e l t s ” ) i s  t h a t  
t h e  f i s h  s u f f e r  f r o m  C u s h i n g ' s  d i s e a s e  c a u s e d  by  e x c e s s i v e  
s e c r e t i o n  of A C T H ,  r e l e a s e d  by  an  o v e r s t i m u l a t e d  p i t u i t a r y .
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S a l m o  g a i r d n e r i i  u s u a l l y  s u r v i v e  s p a w n in g  b e c a u s e  
t h e y  s e e m  a b l e  to r e v e r s e  th e  p r o c e s s  of v a s c u l a r  d e g e n e r a t i o n  
( o c c u r r i n g  a t  s p a w n in g  t i m e )  w h e n  t h e y  e n t e r  s e a  w a t e r ,  u n ü k e  
m o s t  P a c i f i c  s a l m o n  w h ich  d i e .  T h e  d i f f e r e n c e  m a y  b e  th a t  
th e  l a t t e r  a r e  u n a b l e  to e x c r e t e  t h e  e x c e s s  ( l e tha l )  c o r t i s o l
r. . 6 6a f t e r  s p a w n in g
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2. Salmon "farmixifg"
" F a r m e d "  s a l m o n  a r e  h a t c h e d  and  r e a r e d  i n  c a p t i v i t y  
and  w i l l  n e v e r  e x p e r i e n c e  a  r i v e r  o r  t h e  o p e n  s e a .  H o w e v e r ,  
o n ly  a n  e x p e r i e n c e d  e y e  c a n  d i s t i n g u i s h  t h e m  in  p h y s i c a l  
a p p e a r a n c e  and  q u a l i t y  f r o m  t h e i r  w i ld  c o u n t e r p a r t s .
A t l a n t i c  s a l m o n  (S a lm o  s a l a r ) h a v e  b e e n  c h o s e n  f o r  
l a r g e  s c a l e  c o m m e r c i a l  f a r m i n g  by  a  n u m b e r  of  e n t e r p r i s e s .  
S a l m o n  a r e  a " h i g h  q u a l i t y "  f i s h  l i a b l e  a l w a y s  to c o m m a n d  a 
good p r i c e  in  t h e  f i s h  m a r k e t ,  t h u s  m a k i n g  i t  p o s s i b l e  to 
r e c o u p  s o m e  of t h e  m a s s i v e  e x p e n d i t u r e  w h i c h  f i s h  f a r m i n g  
r e q u i r e s ;  th e  t e c h n i q u e s  f o r  s a l m o n  h u s b a n d r y  ( in c lu d in g  
d i s e a s e  p r o b l e m s )  an d  t h e i r  n u t r i t i o n a l  r e q u i r e m e n t s  h a v e  
b e e n  w e l l  r e s e a r c h e d .
T h e  b a s i c  r e q u i r e m e n t s  f o r  a  s a l m o n  f a r m i n g  s i t e  
i n c l u d e  c l e a n  f r e s h w a t e r ,  d e e p  u n p o l l u t e d  t i d a l  s e a  w a t e r  
and  s h e l t e r .
T h e  f a r m i n g  c y c l e  b e g i n s  in  th e  h a t c h e r y  ( f r e s h w a t e r )  
p o n d s  w h e r e  b r o o d  f i s h  a r e  s t r i p p e d  of t h e i r  e g g s  ( e a r l y  
N o v e m b e r ) .  T h e s e  a r e  b r o u g h t  i n d o o r s  i m m e d i a t e l y  a f t e r  
f e r t i l i s a t i o n  and  p l a c e d  in  g e n t ly  f low ing  w a t e r  in  s h a l l o w  
t r a y s .  The e g g s  a r e  c a r e f u l l y  d i s t r i b u t e d  in  a s in g le  l a y e r  
in  t h e  f l u t e s  of f i n e l y  c o r r u g a t e d  g a u z e  o r  w i r e  m e s h .
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T h e  n a t u r a l  c o n d i t i o n s  u n d e r n e a t h  th e  g r a v e l  of th e  
s t r e a m  bed  a r e  s i m u l a t e d  a s  c l o s e l y  a s  p o s s i b l e ,  by  k e e p i n g  
th e  i n c u b a t i n g  r o o m  in  d a r k n e s s  t h r o u g h o u t  th e  ova  and  
s u b s e q u e n t  a l e v i n  s t a g e s .  A s s u m i n g  n o r m a l  w a t e r  t e m p e r a t u r e s ^  
e g g s  f e r t i l i s e d  In e a r l y  N o v e m b e r  w i l l  h a v e  r e a c h e d  t h e  eyed  
s t a g e  by e a r l y  F e b r u a r y  an d  t h e  a l e v i n  b e g i n  to h a t c h  ou t  of 
t h e i r  yolk  s a c s  by t h e  end of  M a r c h .  T h e  a l e v i n  s l i p  t h r o u g h  
th e  w i r e  m e s h  in to  t h e  t r a y  b e l ô w ,  w h e r e  t h e y  c o n t i n u e  to u s e  
up  the  food  r e s e r v e s  in t h e i r  yo lk  s a c  s . f o r  th e  n e x t  f o u r  o r  
f iv e  w e e k s .  T h e  a c t i v e  young  f i s h ,  n e a r l y  a t  t h e  f r y  s t a g e  of 
l i f e ,  a r e  t h e n  t r a n s f e r r e d  to  g l a s s  f i b r e  t a n k s  (one  m e t r e  
s q u a r e )  a d j a c e n t  to  th e  o v a  t r a y s  a n d  e x p o s e d  to t h e  l i g h t  f o r  
th e  f i r s t  t i m e .
T h e  f r y  r e m a i n  in  t h e s e  i n d o o r  t a n k s ,  s u p p l i e d  w i th  a 
c o n s t a n t  w a t e r  f low ,  f o r  7 - 8  w e e k s .  T h e y  a r e  fed  r e g u l a r l y  
d u r i n g  d a y t i m e  w i th  a  s p e c i a l l y  f o r m u l a t e d  d i e t .  By  e a r l y  
s u m m e r ,  th e  young  f i s h  r e v e a l  t h e  c h a r a c t e r i s t i c  p a r r  m a r k i n g s  
(b lu e  b a r s  and  r e d  s p o t s  on  t h e i r  b a c k s )  a n d  a r e  r e a d y  to be 
m o v e d  o u t s i d e  and d i s t r i b u t e d  a r o u n d  a b a t t e r y  of l a r g e r  
g l a s s  f i b r e  t a n k s .  T h e  p a r r  g r o w  r a p i d l y  t h r o u g h o u t  the  
s u m m e r  and fo l l o w in g  w i n t e r  on th e  r e g u l a r  s u p p ly  of f e e d ,  
w h ic h  i s  g r a d u a l l y  i n c r e a s e d  in s i z e .
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S o m e  f i s h  s rno l t  in th e  fo l low ing  s p r i n g ,  o t h e r s  
c o n t in u e  f e e d i n g  f o r  a n o t h e r  s u m m e r  and w i n t e r  and  
b e c o m e  s e c o n d  y e a r  s m o i t s .  I t  i s  v i t a l  f r o m  t h e  f i s h  
f a r m e r ' s  p o in t  of v ie w  to  s e g r e g a t e  p o t e n t i a l  f i r s t  y e a r  
s m o i t s  and  r e e s t a b l i s h  t h e m  in  o t h e r  t a n k s .  T h e  f i r s t  
y e a r  s m o i t s  a r e  g r a d u a l l y  a c c l i m a t i s e d  to  s e a  w a t e r  b e f o r e  
b e i n g  t r a n s f e r r e d  to s e a  p e n s  in J u n e .  T h e  s m o i t s  a r e  
v e r y  s e n s i t i v e  to  h a n d l i n g  a t  t h i s  t i m e  b e c a u s e  of  t h e i r  
h ig h  m e t a b o l i c  r a t e ,  g e n e r a l  a c t i v i t y  and  n e r v o u s n e s s ,  
so g r e a t  c a u t i o n  i s  r e q u i r e d  in  o r d e r  to p r e v e n t  a  h igh  
m o r t a l i t y  r a t e  u p o n  t r a n s f e r .
In  t h e  s e a  p e n s  g ro w th  i s  r a p i d  u n t i l  ab o u t  N o v e m b e r  
w h en  i t  s t a r t s  to  d e c l i n e  w i th  th e  f a l l i n g  w a t e r  t e m p e r a t u r e s  
and it  r e m a i n s  low  o v e r  the  w i n t e r  p e r i o d .
A r o u n d  M a r c h  t h e  g r o w th  r a t e  p i c k s  u p  a g a i n  and  
the  f i s h  m a y  d o u b le  t h e i r  w e ig h t  b e f o r e  t h e  g r i l s e  " h a r v e s t "  
in l a t e  J u n e  o r  J u l y .  R e g u l a r  f e e d in g  i s  i n t e r r u p t e d  j u s t  
b e f o r e  t h i s  , to a l lo w  t h e i r  g u t s  to e m p ty .  T h e  w e ig h t  of 
t h e  g r i l s e  m a y  r a n g e  f r o m  2 to  6 lb a t  h a r v e s t  t i m e .  L a t e  
J u l y  i s  c h o s e n  f o r  h a r v e s t i n g  w h e n  the  f i s h  a r e  s h o w in g  
e a r l y  s ig n s  of s e x u a l  m a t u r i t y ;  m a t u r a t i o n  l e a d s  to a 
d e t e r i o r a t i o n  in t h e i r  q u a l i ty .
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T h e  r e m a i n i n g  s to c k  w h i c h  h a v e  n o t  y e t  r e a c h e d  th e  
g r i l s e  s t a g e ,  a r e  l e f t  to f e e d  an d  h a r v e s t e d  a s  " s a l m o n "  f r o m  
C h r i s t m a s  to  t h e  g r i l s e  h a r v e s t ,  a l th o u g h  th e  m a j o r i t y  a r e  
b e t w e e n  e a r l y  F e b r u a r y  and th e  end of A p r i l ,  T h e  w e ig h t  
of t h e s e  " s a l m o n "  r a n g e s  f r o m  5 to  9 l b s .  N a t u r a l l y ,  i t  
i s  in  t h e  f i s h  f a r m e r ' s  i n t e r e s t  to k e e p  th e  f e e d i n g  t i m e  to  a 
m i n i m u m ,  w i th  th e  c o s t  of  f e e d  t a k i n g  up a l a r g e  p a r t  of the  
o p e r a t i n g  c o s t s .  T h e  a i m  i s  to p r o d u c e  b i g g e r  f i s h  in the  
s a m e  o r  l e s s  g r o w t h  t i m e .
T h e  f i s h  a r e  f ed  a  c o m p o u n d  f e e d ,  b a s e d  e n t i r e l y  on  
d r y  i n g r e d i e n t s  , in  t h e  f o r m  of p e l l e t s .  T h e  diet ,  i d e a l ly ,  
r e s e m b l e s  t h e  n a t u r a l  one ,  w i th  a d d e d  p r o t e i n s ,  v i t a m i n s  
and  m i n e r a l s .  P i g m e n t s  r e q u i r e d  f o r  f l e s h  and  s k in  c o l o u r ,  
w h ich  th e  f i s h  o b t a i n s  n a t u r a l l y  in  i t s  m a r i n e  d ie t ,  a r e  a l s o  
a d d e d .  H o w e v e r ,  m u c h  e f f o r t  i s  s t i l l  b e in g  d i r e c t e d  t o w a r d s  
i m p r o v i n g  th e  f a r m e d  s a l m o n  d i e t  in  t e r m s  of  i t s  c o m p o s i t i o n ,  
t e x t u r e ,  c o l o u r ,  s i z e  and  s h a p e  and  in e s t a b l i s h i n g  o p t i m u m  
fe e d i n g  r a t e s .  F e e d  i n t a k e  in  h ig h  s u m m e r  m a y  b e  u p  to  3% 
body  w e ig h t  p e r  d a y  and  in  w i n t e r  down to 0 .4 % .  I t  d e p e n d s  
bo th  on  m e t a b o l i c  r a t e ,  w h ic h  i s  i t s e l f  d i r e c t l y  p r o p o r t i o n a l  
to  t e m p e r a t u r e ,  and  the  s i z e  of  t h e  f i s h .
I
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E v e r y  a t t e m p t  i s  b e i n g  m a d e  by th e  s a l m o n  f a r m e r  
to p r o d u c e  a  f i s h  of e q u a l  o r  s u p e r i o r  " q u a l i t y "  to i t s  w i ld  
c o u n t e r p a r t .  A s  w e l l  a s  b e i n g  of o b v io u s  f i n a n c i a l  b e n e f i t  |
to  th e  f i s h  f a r m e r ,  in  t h e  long  t e r m  th e  s u c c e s s f u l  p r o d u c t i o n  
of f a r m e d  s a l m o n  c o u ld  h a v e  i m p o r t a n c e  in  t h e  c o n s e r v a t i o n  
of th e  s p e c i e s  in  t h i s  c o u n t r y .  H a t c h e r y  r e a r e d  a l e v i n s ,  
p a r r  an d  s m o i t s  a r e  a l r e a d y  u s e d  to r e s t o c k  r i v e r s  in 
S co t l and ;  eyed  e g g s  on the R i v e r  D e e  (A b e rd een ) ,  s m o i t s  in  
the  N o r t h  E s k  ( M o n t r o s e ) ,  In  E i r e ,  w h o le  r i v e r  s y s t e m s  
a r e  m a i n t a i n e d  by  h a t c h e r i e s  p r o d u c i n g  s m o i t s .
I
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3, O b j e c t i v e s
T h e  p u r p o s e  of t h i s  i n v e s t i g a t i o n  w a s  to d e t e r m i n e  th e  
l ip id  c o m p o s i t i o n  - in  t e r m s  of  c o m p o n e n t  l i p i d s  and  c o m p o n e n t  
a c i d s  - of  s a l m o n  a t  v a r i o u s  s t a g e s  in  t h e i r  l i f e  c y c l e ,  i n  
o r d e r  to s e e  if  t h e r e  w e r e  any  s ig n i f i c a n t  c h a n g e s  w h ic h  m i g h t  
be of v a l u e  in  t h e  c o n t r o l  of  t h e  d i e t  of f a r m e d  f i s h  o r  in o t h e r  
a s p e c t s  of  t h e i r  h u s b a n d r y .  T o  th i s  end ,  l i p i d s  f r o m  t h r e e  
s i t e s  - f l e s h ,  l i v e r  and  go n ad s  - h a v e  b e e n  e x a m i n e d  f r o m  the
fo l low ing  g r o u p s  of  f i s h ,  
m o n t h s  in  s e a  w a t e r sex  ( n o ,  ) f a r m e d / w i l d
A 12 F  (3) f a r m e d
A ' 12 M (3) f a r m e d
B 18 F  (2) f a r m e d
❖C 18 F  (2) f a r m e d
D 12 F  (1) w i ld
D ' 12 M (1) w i ld
E 24 F  (1) w i ld
* t h i s  g ro u p  w e r e  s e x u a l l y  m a t u r e ,  a l l  o t h e r s  w e r e  
s e x u a l l y  i m m a t u r e
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T h e  l i p i d s  w e r e  a l s o  a n a l y s e d  f r o m  a s a m p l e  of th e  d i e t  fed  
to the  f a r m e d  f i s h .
T h e  r e s u l t s  of t h e s e  a n a l y s e s  m a d e  i t  p o s s i b l e  to 
m a k e  s e v e r a l  i n t e r e s t i n g  c o m p a r i s o n s  of c o m p o n e n t  l i p i d s  
and c o m p o n e n t  a c i d s  b e t w e e n  (i) l i p id  s i t e ,  (ii) f e m a l e  and  
m a l e  f i s h ,  (ii i) f a r m e d  and  w i ld  f i s h ,  (iv) m a t u r e  and  i m m a t u r e  
f i s h ,  (v) i m m a t u r e  f a r m e d  f i s h  a f t e r  12 and  18 m o n t h s  in  s e a  
w a t e r ,  (vi) i n d i v id u a l  f a r m e d  s a l m o n  w h ic h  h a d  s p e n t  the  s a m e  
l e n g th  of t i m e  in  s e a  w a t e r  (12 m o n t h s )  an d  (vii) f a r m e d  f i s h  
l i p i d s  and  d i e t a r y  l i p i d s .
%
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4 ,  G e n e r a l  p r o c e d u r e s
T o t a l  l i p i d s  w e r e  e x t r a c t e d  f r o m  e a c h  t i s s u e  by- 
s t a n d a r d  p r o c e d u r e s  and  s e p a r a t e d  by p r e p a r a t i v e  T L C ,
In  one c h r o m a t o g r a p h i c  s y s t e m ,  in d i v id u a l  n e u t r a l  l i p i d s ,  
t r i a c y l g l y c e r o l s , c h o l e s t e r o l  and  c h o l e s t e r o l  e s t e r s ,  w e r e  
s e p a r a t e d  f r o m  p h o s p h o l i p i d s  (not  r e c o v e r e d ) .  U s i n g  a n o t h e r  
p o r t i o n  of the  t o t a l  l ip id  e x t r a c t  and  a s e c o n d  s o l v e n t  s y s t e m  
in d i v id u a l  p o l a r  l i p i d s ,  p h o s p h a t i d y l  c h o l in e ,  p h o s p h a t i d y l  
e t h a n o l a m i n e ,  c a r d i o l i p i n  and  p h o s p h a t i d y l  i n o s i t o l ,  w e r e  
s e p a r a t e d  f r o m  n e u t r a l  l i p i d s  (not  r e c o v e r e d ) .
N e u t r a l  l i p i d s  we r e e s t i m a t e d  by g r a v i m e t r y  and  p o l a r  
l i p i d s  by  e s t i m a t i o n  of th e  P  c o n t e n t  of an  a l i q u o t  o f  t h e  e x t r a c t e d  
l i p id  s o l u t i o n  f r o m  T L C .  T h e  m e t h y l  e s t e r s  of  e a c h  l i p id  w e r e  
t h e n  o b ta in e d  b y  t r a n s e s t é r i f i c a t i o n  and  e x a m i n e d  b y  G L C . 
C h r o m a t o g r a p h i c  d a t a  ( r e t e n t i o n  t i m e  an d  h e i g h t  of peak )  
p r o v i d e d  e q u i v a l e n t  c h a i n  l e n g th ,  r e l a t i v e  r e t e n t i o n  t i m e  and  
w e i g h t  p e r  c e n t  w i th  t h e  a id  of  a  c o m p u t e r  p r o g r a m m e  ( e a c h  
G L C  t r a c e  c o n t a i n e d  20 to 30 p e a k s ) .  E a c h  c h r o m a t o g r a m  
w a s  r u n  in  d u p l i c a t e .  T h e  d e t a i l e d  r e s u l t s  a r e  a v a i l a b l e  on  j
f i le  b u t  a r e  no t  r e p r o d u c e d  in  t h i s  t h e s i s .  R e s u l t s  h a v e  b e e n  
g r o u p e d  i n  a n  a p p r o p r i a t e  m a n n e r  and  a r e  p r e s e n t e d  a s
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m e a n  v a l u e s  and  s t a n d a r d  d e v i a t i o n s  ( c a l c u l a t e d  by  th e  
N m e t h o d  of s t a t i s t i c a l  a n a l y s i s )  eg .  p a l m i t i c  a c i d  
m e a n  9 ,7%  an d  s t a n d a r d  d e v i a t i o n  1 .9% ,  i s  w r i t t e n  9 .7%  (1 .9 ) ,  
T h e  c o n s t r a i n t s  i m p o s e d  by t i m e  and  the  a v a i l a b i l i t y  
of a p p r o p r i a t e  s a m p l e s  h a s  n e c e s s a r i l y  r e s t r i c t e d  th e  n u m b e r  
of s a m p l e s  a n a l y s e d  d u r i n g  th i s  p r o j e c t .  A few  r e s u l t s  w e r e  
d i s c a r d e d  b e c a u s e  of a c c i d e n t a l  c o n t a m i n a t i o n  of t h e  s a m p l e s .  
T h i s  p r o b l e m  w a s  q u ic k ly  i d e n t i f i e d  and  e x p e r i m e n t a l  
p r o c e d u r e s  w e r e  m o d i f i e d  to e l i m i n a t e  t h i s  p r o b l e m .  F o r  
a  s tu d y  of  t h i s  n a t u r e ,  i d e a l l y  one  shou ld  h a v e  a n a l y s e d  
l a r g e r  n u m b e r s  of f a r m e d  and w i ld  s a l m o n  o v e r  a  p e r i o d  of 
s e v e r a l  y e a r s  i n  o r d e r  to  o b ta in  " s t a t i s t i c a l l y  s i g n i f i c a n t "  
r e s u l t s .  H o w e v e r ,  i n  t h i s  p r o j e c t  i t  w a s  h o p e d ,  f r o m  th e  
l i m i t e d  n u m b e r  of s a m p l e s  a v a i l a b l e ,  to  id e n t i f y  g e n e r a l  
t r e n d s  upo n  w h ic h  p e r h a p s ,  f u r t h e r  l o n g - t e r m  e x p e r i m e n t a l  
p r o j e c t s  co u ld  be  b a s e d .
-1
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5. I d e n t i f i c a t i o n  of f a t t y  a c i d s
T h e  f a t t y  a c i d s  p r e s e n t  in  s a l m o n  l i p i d s  h a v e  b e e n  
id e n t i f i e d  ( a s  t h e i r  m e t h y l  e s t e r s )  m a i n l y  on  the  b a s i s  of 
t h e i r  g a s ' c h r o m  a t o g ra p h i c  b e h a v i o u r ,  bu t  t h e s e  c o n c l u s i o n s  
a r e  c o n f i r m e d  by s o m e  a d d i t i o n a l  e x p e r i m e n t s  in v o l v in g  
s i l v e r  ion  c h r o m a t o g r a p h y  and  m a s s  s p e c t r o m e t r y .
A c i d s  a r e  u s u a l l y  i d e n t i f i e d  f r o m  t h e i r  r e t e n t i o n  
b e h a v i o u r  on  the  b a s i s  of t h e i r  e q u i v a l e n t  c h a i n  l e n g th  ( E C L ) .
On the  p o l a r  c o l u m n s  u s e d  in  t h i s  s tudy ,  p o l y e n e  e s t e r s  a r e  
e lu te d  l a t e r  t h a n  t h e i r  s a t u r a t e d  a n a l o g u e s .  P o l a r  c o l u m n s  
v a r y  i n  p o l a r i t y  and  c h a n g e  o v e r  a  p e r i o d  of t i m e ,  so th a t  
E G L  v a l u e s  do n o t  r e m a i n  c o n s t a n t ,  bu t  t e n d  to  d e c r e a s e  
w i th  i n c r e a s i n g  a g e  of th e  c o l u m n .  J a m i e s o n ^ ^  h a s  p u b l i s h e d  
u s e f u l  d a t a  w h ic h  r e l a t e s  th e  E G L  of th e  m o r e  c o m m o n  p o ly e n e  
e s t e r s  to th a t  of o r - l i n o le n a t e  in  t h e  r a n g e  19. 5 to  21 .  0 . 
H o w e v e r ,  in  t h e  p r e s e n t  s t u d i e s  u - l i n q l e n a t e  i s  no t  a  c o n v e n i e n t  
r e f e r e n c e  p e a k .  I t  i s  f r e q u e n t l y  s m a l l  an d  m a y  o v e r l a p  w i th  
the  p e a k  f o r  20:1 e s t e r ,  w i th  th e  r e s u l t  t h a t  the  E C L  i s  n o t  
v e r y  a c c u r a t e .  I t  i s  b e t t e r  to  u s e  the  m o r e  e a s i l y  r e c o g n i s a b l e  
20:5 (n -3 )  o r  22:6  (n -3)  e s t e r s  a s  a w ay  of f in d in g  the  c o r r e c t  
e n t r i e s  in  J a m i e s o n ' s  t a b l e s .  D e s p i t e  t h i s ,  i t  w a s  s o m e t i m e s .'0
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d i f f i c u l t  to  i d e n t i f y  s o m e  of th e  s m a l l e r  p e a k s  w i th  c e r t a i n t y  
and  s o m e  p e a k s  w e r e  n o t  id e n t i f i e d .
T h e  r e l a t i v e  r e t e n t i o n  t i m e  w a s  found to g ive  a l e s s  
v a r i a b l e  i n d e x  and  t h i s  o f ten  p r o v i d e d  u s e f u l  g u id a n c e  w hen  
c o n c l u s i o n s  b a s e d  on E C L  w e r e  une  1-ear. R e l a t i v e  r e t e n t i o n  
t i m e s  a r e  f r e q u e n t l y  quo ted  w i th  r e s p e c t  to 16:0 o r  18:0,  b u t  
t h i s  i s  u n s a t i s f a c t o r y  f o r  s e v e r a l  r e a s o n s .  Su ch  e s t e r s  
e lu te  v e r y  e a r l y  c o m p a r e d  w i th  th e  l a t e  r u n n i n g  p e a k s  s u c h  
a s  22 :6  (n -3 )  an d  b e t t e r  r e s u l t s  fo l low  w h e n  the  r e f e r e n c e  
p e a k  i s  n e a r e r  the  m i d d l e  of the  c h r o m a t o g r a m .  T h e  
s t a n d a r d  shou ld  a l s o  be  e a s i l y  r e c o g n i s e d  a s  a  c o n s i s t e n t l y  
d o m i n a n t  p e a k  and  if  i t  i s  p o l y u n s a t u r a t e d  i t  w i l l  show  l e s s  
v a r i a t i o n  w i th  r e s p e c t  to the  r e t e n t i o n  b e h a v i o u r  of  o t h e r  
p o ly e n e  e s t e r s  w i th  c h a n g i n g  p o l a r i t y  of t h e  c o l u m n .  20:5  
(n -3 )  s e r v e d  v e r y  s a t i s f a c t o r i l y  i n  t h i s  c o n n e c t i o n .
In a d d i t i o n  to the  d i f f i c u l ty  in  r e c o g n i s i n g  a few  
m i n o r  p e a k s ,  t h e  m a j o r  p r o b l e m  r e s u l t s  f r o m  t h e  o v e r l a p  
of C ^Q , ^ 2 2  ^ 2 4  e s t e r s  w i th  p o l y e n e s  of
s h o r t e r  c h a i n  l e n g t h .  T y p i c a l  o v e r l a p p i n g  p e a k s  i n c l u d e d  
20:1 w i th  18:3 n - 3, 22:1 w i th  20:4 n -  3 o r  20:4 n - 6 an d  24 :1 
w i th  22:5 n - 6. T h e  p r e s e n c e  of e a c h  of t h e s e  c o m p o n e n t s  
c a n  be  d e m o n s t r a t e d  by  Ag c h r o m a t o g r a p h y  o r  by  m a s s  
s p e c t r o m e t r y ,  b u t  t h e i r  r e l a t i v e  p r o p o r t i o n s  c o u ld  n o t  
a l w a y s  be  d e t e r m i n e d .
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S i l v e r  i o n  c h r o m a t o g r a p h y  s e p a r a t e s  n a t u r a l  l o n g - c h a i n  
e s t e r s  m a i n l y  on  the  b a s i s  of the  n u m b e r  of t h e i r  d o u b le  b o n d s  
(and c o n f i g u r a t i o n )  a l t h o u g h  c h a i n  l e n g t h  and  dou b le  bond 
p o s i t i o n s  h a v e  m i n o r  e f f e c t s .  A s a m p l e  of m e t h y l  e s t e r s  
f r o m  s a l m o n  l i p i d s  w a s  s e p a r a t e d  in to  s e v e r a l  b a n d s  and 
e a c h  w a s  e x a m i n e d  b y  g a s  c h r o m a t o g r a p h y .  In t h i s  w a y  
s a t u r a t e d  e s t e r s ,  m o n o e n e  e s t e r s  e t c  w e r e  c o n c e n t r a t e d  and  
t h e n  i d e n t i f i e d  w i th  the  f o l l o w in g  r e s u l t s .
s a t u r a t e s
m o n o e n e  s
d i e n e s
t r i e n e s
n - 3  p o l y e n e s  
n - 6  p o l y e n e s  
o t h e r  p o l y e n e s
m a j o r  c o m p o n e n t s  ' m i n o r  c o m p o n e n t s
14 :0 ,  16 :0 ,  18:0
16 :1 ,  18 :1 ,  20:1 2 2 :1 ,  24:1
18:2 (n -6 ) 16:2,  20:2
18:3 ^ 3 ) ,  20:3 ^ 6 )  18:3 ( n - 6 ) ?  20:3  (n -3)
20 :5 ,  22 :5 ,  22 :6
20:4
18
22
16
4 ,  20:4 
4 ,  22:5
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14 3, 199 and  255 ( p r o m i n e n t  m e m b e r s  of the  s e r i e s
t  OH
V . "CH^rss C H —  ( C H ^ ) ^ — C — OGH^ , f o r m e d  by i n i t i a l
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G C - M S  w a s  c a r r i e d  ou t  on s e v e r a l  m e t h y l  e s t e r
is a m p l e s ,  w i th  th e  a s s i s t a n c e  of the  U n i l e v e r  C o lv / o r th  f
yR e s e a r c h  L a b o r a t o r y ,  in  a n  a t t e m p t  to p r o v e  o r  d i s p r o v e  ( o r
add f u r t h e r  i n f o r m a t i o n  to) th e  p r o v i s i o n a l  i d e n t i f i c a t i o n s  ;
m a d e  by the  ab o v e  m e t h o d s .  GC -M S i s  a  s e n s i t i v e  a n a l y t i c a l
t e c h n iq u e  f o r  e x a m i n i n g  th e  s t r u c t u r e  of f a t t y  a c i d  m e t h y l  !
e s t e r s ,  a l t h o u g h  i t  s u f f e r s  f r o m  the  d r a w b a c k  of  b e in g  u n a b l e  I
to p i n p o i n t  e x a c t l y  t h e  dou b le  bond  p o s i t i o n ( s )  in  un  s a t u r a t e d  -
f a t t y  a l k y l  c h a i n s .  O n ly  t e n t a t i v e  i d e n t i f i c a t i o n s ,  t h e r e f o r e ,  ^
-ic a n  be  m a d e  of the  m o r e  h ig h ly  u n s a t u r a t e d  m e m b e r s  of th e  :
n - 3  and  n - 6  p o ly e n e  a c i d  f a m i l i e s .
S a t u r a t e d  and  to a  l e s s e r  e x t e n t  m o n o e n o i c  f a t t y  a c i d s ,  I
g ive  r i s e  to c h a r a c t e r i s t i c  f r a g m e n t  io n s  in t h e  m a s s  i
s p e c t r o m e t e r  w h ic h  h a v e  b e e n  w e l l  d o c u m e n t e d  by
68 +M c C l o s k e y  . B e s i d e s  t h e  m o l e c u l a r  ion  (M ),  s a t u r a t e d  i
f a t t y  a c i d s  c o m m o n l y  show  i n t e n s e  f r a g m e n t  i o n s  a t  m / e  M -  31 ■
( l o s s  of ' O C H ^ ) , a t  M - 2 9  and  M - 4 3 ( a s  a r e s u l t  of s k e l e t a l
r e a r r a n g e m e n t  of the  c h a i n  and  one h y d r o g e n ,  f o l l o w e d  by  J
l o s s  of an  e th y l  a n d  a p r o p y l  r a d i c a l  r e s p e c t i v e l y )  and  a t  87, :
h y d r o g e n  a b s t r a c t i o n  by  the  m o l e c u l a r  ion ,  fo l lo w e d  by
r e a r r a n g e m e n t  and  c l e a v a g e  of  th e  lo n g  c h a i n ) .  T h e  b a s e
p e a k  u s u a l l y  o c c u r s  a t  m / e  74 
t'O HI(GH^—s C O C H ^) ,  r e s u l t i n g  f r o m  M c L a f f e r t y  r e a r r a n g e m e n t
of the  m e t h y l  e s t e r .
M o n o e n e s  t e n d  to  show  th e  m o s t  i n t e n s e  f r a g m e n t  
i o n s  a t  m / e  M - 31 ( l o s s  of * O C H ^) ,  M - 32 ( l o s s  of GH^OH),  
M - 7 4  ( M c L a f f e r t y  r e a r r a n g e m e n t ,  bu t  w i th  th e  p o s i t i v e  c h a r g e  
r e m a i n i n g  on  th e  u n  s a t u r a t e d  a lk y l  f r a g m e n t ) ,  M -  116 and  74 
( M c L a f f e r t y )  . L e s s  i n t e n s e  h y d r o c a r b o n  i o n s  m a y  a l s o  be  
o b s e r v e d .
T h e  p o ly e n e  a c i d  f r a g m e n t a t i o n  p a t t e r n s  a r e  m o r e
c o m p l e x ,  p a r t i c u l a r l y  in  th e  d e n s e l y  p o p u l a t e d  l o w e r  m / e
r a n g e  and  i t  i s  d i f f i c u l t  to  m a k e  an y  p o s i t i v e  s t r u c t u r a l
a n a l y s e s  on th e  b a s i s  of c h a r a c t e r i s t i c  f r a g m e n t  i o n s ,  b e s i d e s  
+M , M “ 31 and  M -  32 ion f r a g m e n t s .
L i s t e d  o n  p a g e  4 2 a r e  the  m a j o r  d i s t i n g u i s h a b l e  f a t t y  
a c i d s  and  th e  m / e  v a l u e s  of  t h e  d o m i n a n t  f r a g m e n t  i o n s  
u p o n  w h ic h  th e  a s s i g n m e n t s  w e r e  b a s e d .
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A~^ id ^  v a lu e  of c h a r a c t e r i s t i c  f r a g m e n t  io n s
I ^16:0 270 ( M ^ ,  241 (M - 2 9 ) ,  239 (M -3 1 ) ,  227 ( M - 4 3 ) ,  143,  87 , 74
16:1 236 (M 32),  194 (M -7 4 ) ,  97, 83,  69,  57*,  55
+ : 18:0 298  (M  ), 269 ( M -2 9 ) ,  267 ( M - 3 l ) ,  255 ( M - 4 3 ) ,  1 9 9 , 1 4 3 , 8 7 , 7 4
18:1 296 (M*), 265 (M-31), 264 (M-32), 222 Ovi-74),l80 (M-ll^,139,125,ll$,97", 87
18:2 294 (M"*), 26.3 (M-31), 262 (M-32), 178 ( M - l lQ ,  95, 81,  67*
20:f )  326 (M"^), 283 (M -4 3 ) ,  143, 87, 74*
20:1 293M-:^1), 292(M -32) ,250#-74) ,  2 0 8 ( M r l l 6 ) ,  87,  74 ,  69,  55^
20:2  322 (M ^) ,  291 ( M -3 1 ) ,  95, 81, 67*
20:3 320 (M***), 289  ( M -3 1 ) ,  95, 81, 67
20:3  320 (m "^), 264 (M -5 6 ) ,  108, 95, 79* ,  67
(2^3?)
20:5 316 (M+),  108,  95,  79* ,  67
22:6  311 ( M - 3 1 ) ,  108,  95,  79* ,  67
* i n d i c a t e s  b a s e  p e a k
T h e  e x i s t e n c e  of 20:3 (n -3 )  w a s  s u g g e s t e d  b y  th e  
c h a r a c t e r i s t i c  f r a g m e n t  i o n s  show n a b o v e .
A s e r i e s  of  pealcs  w e r e  u s u a l l y  o b s e r v e d  in the  G LC 
t r a c e  b e t w e e n  16:1 and  18:0,  u s u a l l y  w i th  E G L  v a l u e s  >>17.0
i. I.
d .  1?— 'v =:.v i . '.A  ♦Ls/a l  - Ï . . 1 .V . .   .j
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GC - MS i n d i c a t e d  the  e x i s t e n c e  of the  17: 0 e s t e r  f m / e  284 (M )
259 ( M -3 1 ) ,  24 1 ( M - 3 1 ) , 87,  74 ] and ,  in  s o m e  c a s e s ,  th e
p o s s i b i l i t y  of 17:1 ,  17:0 b r a n c h e d  and  18:0 b r a n c h e d  e s t e r s .
+F r o m  G L C  c h r o m a t o g r a p h i c  d a t a ,A g  TLG  and G G -M S  
r e s u l t s ,  the  f o l lo w in g  g e n e r a l  c o n c l u s i o n s  c a n  b e  d r a w n  abou t  
the  f a t t y  a c i d s  p r e s e n t .
(1) T h e  s a t u r a t e s  i n c l u d e d  14:0 ,  16:0,  17:0,  18:0 and  20:0 .
(2) T h e  r e c o g n i s a b l e  m o n o e n e s w e r e  16:1,  ( 1 7 : 1 ? ) ,  18:1,  20 :1 ,
22:1 and 24:1 .
(3) A l l  th e  m e m b e r s  of t h e  n - 6  p o ly e n e  a c i d  f a m i l y  u s u a l l y
p r e s e n t  i n  m a r i n e  l i p i d s  w e r e  found:  18:2, 18:3,  20 :3 ,  20 :4 ,  |'I
22:4 and  22:5  ;
(4) T h e  n - 3  p o l y e n e  a c i d s  i d e n t i f i e d  w e r e  18:3,  18:4,  ( 2 0 : 3 ? ) ,
20:4 ,  20 :5 ,  22 :5  an d  22 :6 .
P o s s i b l y  p r e s e n t  w e r e  16:2,  16:4 ,  17:0 b r  an d  18:0 b r .
• ’ V
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6. D i e t a r y  l i p i d s  ( f a r m e d  s a lm o n )
T o t a l  l i p i d s  w e r e  e x t r a c t e d  f r o m  a p o r t i o n  of the  
d r y  (p e l l e t e d )  d ie t  ( s e e  E x p e r i m e n t a l ,  2(ii) ),  s e p a r a t e d  
in to  t h e i r  c o m p o n e n t  n e u t r a l  and  p o l a r  l i p i d s  in  two s e p a r a t e  
T E C  s y s t e m s  an d  q u a n t i t a t e d .  T h e  m a j o r  l i p i d s  w e r e  
t h e n  t r a n s e s t e r i f i e d  and  t h e i r  f a t t y  a c i d  m e t h y l  e s t e r s  
e x a m i n e d by  G L C .
T h e  fo l lo w in g  r e s u l t s  w e r e  o b ta in e d .
A
1■>3
Î
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(i) C om p o n en t  l ip id s  (% to ta l  l ip ids)
% lipid/kiQadiet 20.  9
n e u t r a l  l i p i d s
T G  7 0 . 1
C E  3 . 3
C H O L  5 . 4
O T H E R S  1 0 .2
(DG,  F F A  e tc)
s u b - t o t a l  8 9 .0
p o l a r  l i p i d s
P C  6 . 9
P E  1 .2
C L  a . 4 >
s u b - t o t a l  1 1 ,0
* y  70% P I
F o o d  c o n s u m e d  in  n a t u r e  by  f i s h  i s  m a i n l y  p r o t e i n  
and  f a t ,  w i th  l i t t l e  c a r b o h y d r a t e .  R a p i d l y  g r o w i n g  f i s h  
c a n  u s e  p r o t e i n  to bu i ld  and  m a i n t a i n  body t i s s u e  and  fa t
: P I / P 8 / S M
. A;- ;/*,: At'.
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to  p r o v i d e  e n e r g y .  T h i s  i s  t h e  c a s e  w i th  (A t la n t i c )  s a l m o n  
a t  s e a ,  w h e r e  r a p i d  w e i g h t  g a i n s  o c c u r ,  so h ig h  fat ' ,  l e v e l s  
a r e  d e s i r a b l e  f o r  t h o s e  k e p t  in  c a p t i v i t y  d u r i n g  the  s e a  w a t e r  
s t a g e s  of l i f e .  F a t  a t  a  l e v e l  of a p p r o x i m a t e l y  21% of the  i
d ie t  p r o d u c e s  o p t i m u m  g r o w t h  in  f a r m e d  (A t la n t i c )  s a l m o n  
and no p a t h o l o g i c a l  c o n d i t i o n s  c a u s e d  by  f a t t y  i n f i l t r a t i o n  
of the  l i v e r  (a  d a n g e r  w h e n  f e e d i n g  h i g h e r  f a t  l e v e l s )  h a v e  
b e e n  o b s e r v e d .
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(ii) C om p o n en t  a c id s  of d i e t a r y  l ip id s
T h e  c o m p o n e n t  a c i d s  of t h e  m a j o r  l i p i d s  p r e s e n t  in  
the  d i e t  a r e  l i s t e d  in  T a b l e  2, A l l  the  a c i d s  of the  f o u r  
c a t e g o r i e s  ( s a t u r a t e s ,  m o n o e n e s ,  n - 6  and n - 3  p o ly e n e s )  
u s u a l l y  a l s o  i d e n t i f i e d  i n  the  m e t h y l  e s t e r  a n a l y s e s  (of th e  
f a t t y  a c i d s )  of th e  l i p i d s  f r o m  f i s h  t i s s u e s ,  h a v e  b e e n  
l i s t e d .
T h e  m o s t  s t r i k i n g  o b s e r v a t i o n  i s  t h e  v e r y  h ig h  l e v e l s  
of bo th  l i n o l e i c  (18 :2  n -6 )  and l i n o l e n i c  (18:3 n - 3 )  a c i d  in  
the  m a j o r  l i p id  c o n s t i t u e n t  of the d ie t ,  t r i a c y l g l y c e r o l s .
T h e  m i n o r  l i p id  c o n s t i t u e n t s ,  p h o s p h a t i d y l  c h o l i n e s ,  
p h o s p h a t i d y l  e t h a n o l a m i n e s  and  c a r d i o l i p i n s ,  a l s o  e x h ib i t  
h ig h  l e v e l s  o f  18:2 n - 6 ,  bu t  l o w e r  l e v e l s  of  l i n o l e n i c  a c i d .
T h e  l ip id  c o m p o n e n t s  of  th e  d i e t  a r e  a m i x t u r e  of 
v e g e t a b l e  o i l s  ( r i c h  in  18:2 n_-6), l i n s e e d  oi l  ( r i c h  in 18:3 ^ - 3 ) ,  
and  f i s h  m e a l ( s )  (h igh  c o n te n t ( s )  of n - 3  p o l y e n e s ,  p a r t i c u l a r l y  
20 :5 ,  22 :5  and  22 :6 ) ,  T h i s  p r o b a b l y  a c c o u n t s  f o r  the  h ig h  
l e v e l s  of l i n o l e i c  and  l i n o l e n i c  o b s e r v e d  in  the  d ie t  
t r i a c y l g l y c e r o l s .  Thi-s m i x t u r e  of f a t s  in the  d i e t  a d e q u a t e l y  
s a t i s f i e s  the  e s s e n t i a l  f a t t y  a c i d  r e q u i r e m e n t s  of the  f i s h  (18:2 
n - 6  an d  18:3 n_-3)., w h i l e  p r o v i d i n g  the  h igh  n - 3  p o ly e n e  a c i d  
c o n t e n t  w h ic h  s a l m o n  o b ta in  f r o m  t h e i r  n a t u r a l  d i e t  in  th e  w i ld .
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T a b le  2 . C om p o n en t  a c id s  (% wt) of d i e t a r y  l ipid
A c id T G C E P C P E C L
S a t u r a t e s
14:0 1 .7 1 , 5 1 .0 3 . 1 -
16:0 8 . 8 4 . 4 16. 1 2 0 . 9 5 . 8
18:0 2 . 2 1 . 0 2 . 2 3 . 2 Gp Si
M o n o e n e s
16:1 3 . 3 1 . 9 2 . 7 2 . 3 3. 5
18:1 16.  5 12.  8 15. 3 1 0 .7 9 .4
20:1 5. 8 2 . 2 Î 3 . 2 ] 2 . 3 LlO. 3
22:1 a [ 4 . 5 l 1 . 8 0. 6 0 . 9 2 . 3
24:1 [ 0 . 9 j - [ 2 . 8 7 LZ.Zj -
n - 6  p o l y e n e s
18:2 17 .4 5 . 0 2 2 . 4 2 3 . 4 1 5 . 7
18:3 - - - *“
20:3 0. 1 0 . 3 0. 1 0 . 3 3 . 0
20:4 0 . 4 5 . 1 2. 1 1 .7 1 . 3
22:4 0.  6 0 . 6 0.  2 0 . 5 3 . 6
• 22 :5 [ 0 . 9 ] 0.  8 [ 2 . 8 ] L 2 .2 ] 0. 2
n - 3  p o l y e n e s
18:3 1 1 .0 1 . 9 [ 3 . 2 ] 5 . 0 L lO .3 ]
18:4 - 0 . 6 0 . 2 0 . 3 1 . 5
20:4 ^ [ 4 . 5 ] 1 . 3 0.  6 0 . 5 1 . 8
20:5 6. 3 17.  1 8 .4 4 . 2 7 . 1
22:5 1 .7 1 . 3 0.  9 1 . 0 1 . 0
22:6 16. 3 3 7 . 3 19. 9 1 3 .7 17. 1
o t h e r s 2 . 5 3. 1 1 . 3 3 . 8 9 . 6
a  L J i n d i c a t e s  o v e r l a p p i n g  p e a k s
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7. L ip id s  of f a r m e d  and wild  s a lm o n
T h e  s a m p l e s  e x a m i n e d  c a m e  f r o m  s e v e n  s o u r c e s  
d i f f e r i n g  in  s e x ,  l e v e l  of  s e x u a l  m a t u r i t y ,  p e r i o d  i n  s e a  
w a t e r ,  an& w h e t h e r  f a r m e d  o r  w i ld .  M o s t  of th e  f i s h  w e r e  
f e m a l e  and  on ly  one  g r o u p  w e r e  s e x u a l l y  m a t u r e  ( s e e  " O b j e c t i v e s "  
p a g e  33).
T h e  fo l lo w in g  d i s c u s s i o n  r e f e r s  to f e m a l e  f i s h  only ,  
u n l e s s  o t h e r w i s e  s t a t e d .
(i) C o rn p o n e n t  L m i d s  ( T a b l e  3)
(a) T o t a l  l ip id
T h e  p r o p o r t i o n  of  l i p id  e x t r a c t e d  f r o m  th e  t i s s u e  (w e t  
and  c o n t a i n i n g  s o m e  of t h e  c h l o r o f o r m - m e t h a n o l  s o l v e n t  in  
w h ic h  a l l  s a m p l e s  w e r e  s t o r e d )  v a r i e d  f r o m  1-7%. N o - c l e a r  
p a t t e r n  e m e r g e s ,  but  t h e r e  i s  a  t e n d e n c y  f o r  the  l i v e r  and  
go n a d s  to be r i c h e r  in  l i p id  t h a n  the  f l e s h  and  f o r  t h e  y o u n g e r  4
f i s h  (12 m o n t h s  in  s e a  w a t e r )  to h a v e  a l o w e r  p r o p o r t i o n  of 
l ip id  t h a n  the  o l d e r  f i s h  (18 an d  24 m o n t h s  in  s e a  w a t e r ) .
T h e r e  i s  l i t t l e  d i f f e r e n c e  in  th e  f i g u r e s  f o r  w i ld  an d  f a r m e d  
f i s h ,  e x c e p t  t h a t  t h e  l a t t e r  s e e m  to  h a v e  g onad  l i p i d .
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(b) N e u t r a l  and  p o l a r  l i p i d s  in  f l e s h ,  l i v e r  and  g o n a d s  ( m a l e  
and  f e m a l e )
N e u t r a l  l i p i d s  a r e  h i g h e s t  in  the f l e s h  ( m e a n  7 6%, r a n g e  
65-88%),  l o w e r  in th e  g o n a d s  ( m e a n  60%, r a n g e  4 6 -73%),  an d  
l e a s t  in  the  l i v e r  ( m e a n  45%, r a n g e  23-81% ) .  S i n c e  t h e  
b a l a n c e  i s  m a d e  up  of  p o l a r  l i p i d s ,  t h e s e  r e a c h  th e  h i g h e s t  
l e v e l s  in  the  l i v e r  ( m e a n  55%, r a n g e  19-77%) ( s e e  T a b l e  4) .
T h e  m a j o r  n e u t r a l  l i p id ,  t r i a c y l g l y c e r o l ^ i s  a c c o m p a n i e d  
by  c h o l e s t e r o l ,  c h o l e s t e r o l  e s t e r s  and  m i n o r  a m o u n t s  of 
d i a c y l  g l y c e r o l s  a n d  f r e e  f a t t y  a c i d s .  T h e r e  a r e  l e s s  
t r i a c y l g l y c e r o l s  i n  t h e  l i v e r  a n d  g o n a d s  t h a n  in  th e  f l e s h  
l i p i d s ,  bu t  m o r e  of  the  o t h e r  n e u t r a l  l i p i d s  ( s e e  T a b l e  3).
In  c o m m o n  w i th  o t h e r  m a r i n e  f i s h ,  the  d o m i n a n t  
p o l a r  l ip id  p r e s e n t  i s  p h o s p h a t i d y l  c h o l in e  w i th  l e s s e r  a m o u n t s  
of  p h o s p h a t i d y l  e t h a n o l a m i n e ,  c a r d i o l i p i n  and a  g r o u p  of 
l i p i d s  c o n t a i n i n g  p h o s p h a t i d y l  i n o s i t o l ,  p h o s p h a t i d y l  s e r i n e  
and  s p h i n g o m y e l i n ,  u s u a l l y  d o m i n a t e d  by p h o s p h a t i d y l  
i n o s i t o l  ( >  70%).  F o r  th e  m o s t  p a r t  t h e s e  h a v e  the  h i g h e s t  
c o n c e n t r a t i o n  i n  th e  l i v e r  l i p i d s  and  th e  l o w e s t  i n  t h e  f l e s h  
l i p i d s .
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T a b l e  4.  C o m p o n e n t  L i p i d s  (% T o t a l  L i p id s )  
M e a n  and  R a n g e
L i p id  C l a s s F i e sh L i v e r G onad  s
n e u t r a l  l i p i d s M e a n R a n g e M e a n R a n g e M e a n
T G 6 9 . 7 59.4^83.1- 2 6 . 0 &0-66.9 3 9 . 2 16.6-62.1
C E 1 . 2 0.2-  1.7 7 . 2 2.8-13.6 8 . 7 1.9-16.3
C H O L 2 . 3 1.2 -  3.2 4 .4 2.8- 5.7 5 . 2 3.5-  8.0
o t h e r s 3 . 0 0.9 -5.7 7 . 1 2.9-12.6 6 . 9 1.7-10.9
( s u b - t o t a l ) 7 6 . 2 64.5-87.8 4 4 . 7 22.6-81.4 6 0 . 0 45 .7-73 .2
p o l a r  l i p i d s
P C 1 5 . 2 8.2-19.1 3 3 . 7 13.0-50.0 2 7 . 3 20.2-37.6
P E 4 . 6 2.2-6.2 9 . 4 2.8-14.9 5 . 7 2.5-11.5
C L 1 . 3 0.4-2.6 2 . 5 0.5-4.9 0 . 7 0.3-1.5
P I / P S / S M 2 . 7 1.4-4.3 9 . 7 1.1-25.5 6. 3 3.1-12.2
( s u b - t o t a l ) 23.  8 12.2-35.5 5 5 . 3 18.6-77.4 4 0 . 0 26.8 -54 .3
' , V.-v; f
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F i e  sh L i v e r  G o n a d s
m o n t h s  In s e a  w a t e r  1 ^  1_8^  18 12 18
t o t a l  l i p id  (%) 1 . 1  5 . 7  2 . 9  4 . 8  0.  9 2 . 2
T O  (%) 6 3 . 0  7 8 . 0  8 . 0  3 7 . 0  17. .0 2 3 . 0
PC  + P E  (%) 25 .  0 1 3 . 0  60..0 3 8 . 0  4 1 . 0  3 2 . 0
(c) 12 and  18 m o n t h  f a r m e d  f i s h
F a r m e d  f i s h  c o n t a i n  a h i g h e r  p r o p o r t i o n  of l ip id  the  
l o n g e r  t h e y  h a v e  b e e n  in  s e a  w a t e r ,  in  a l l  t h r e e  s i t e s  
e x a m i n e d .  In  a l l  c a s e s  t h e r e  i s  a n  i n c r e a s e  in  the  p r o p o r t i o n  
of t r i a c y l  g l y c e r o l s ,  b a l a n c e d  by  a ’d e c r e a s e  in  t h e  p r o p o r t i o n  
of p o l a r  l i p i d s ,  e s p e c i a l l y  P C  an d  P E .  T h e r e  i s ,  h o w e v e r ,  
a  s l ig h t  i n c r e a s e  in  t h e  a m o u n t  of  p h o s p h o l i p i d ,  s i n c e  the  
l o w e r  p r o p o r t i o n  of t h e s e  l i p i d s  i s  b a l a n c e d  b y  th e  h i g h e r  
p r o p o r t i o n  of l i p id  in  the  t i s s u e s .
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(d) M a t u r e  and i m m a t u r e
T h e  m a t u r e  f a r m e d  f i s h  (18 m o n t h s  i n  s e a  w a t e r )  
h a v e  l e s s  l ip id  in  the  f l e s h ,  a b o u t  th e  s a m e  i n  the  l i v e r ,  >
and m o r e  in  the  g o n a d s  c o m p a r e d  w i th  i m m a t u r e  f i s h  ( s a m e  
p e r i o d  in  s e a  w a t e r ) .  T h e  m a t u r e  g r o u p  a l s o  c o n t a i n  l e s s  
n e u t r a l  l i p i d s ,  bu t  m o r e  P C  an d  ( e x c e p t  f o r  t h e  g onads )  P E .
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(e) F a r m e d  and wild
T h e  w i ld  f e m a l e  f i s h  w h i c h  h a d  b e e n  i n  s e a  w a t e r  f o r  
a p p r o x i m a t e l y  1 y e a r  and  2 y e a r s  r e s p e c t i v e l y  a r e  v e r y  
d i f f e r e n t  i n  the c o m p o s i t i o n  of t h e i r  f l e s h  and  l i v e r  l i p i d s  
(gonad l i p i d s  a r e  m o r e  s i m i l a r )  and  i t  i s  d i f f i c u l t  to  c o m p a r e  
t h e s e  w id e l y  d i f f e r i n g  s p e c i m e n s  w i th  t h o s e  o b t a i n e d  f r o m  
f a r m e d  f i s h .  C o m p a r i n g  f a r m e d  and w i ld  f i s h  b o th  of w h i c h  f
had  b e e n  in  s e a  w a t e r  f o r  a b o u t  1 y e a r ,  t h e  f l e s h  and  l i v e r  
l i p i d s  a r e  n o t  m a r k e d l y  d i f f e r e n t ,  b u t  t h i s  d id  no t  h o ld  f o r  
gonad  l i p i d s .  T h e  m u c h  g r e a t e r  q u a n t i t y  of gonad  l i p id  f r o m  
the  wi ld  f i s h  ( 6 . 8  v s  0,  9%) i s  r e f l e c t e d  in  a m u c h  h i g h e r  T G  
(6 2 . 1  v s  16 .6%) c o n t e n t .  T h e  o t h e r  c o m p o n e n t s  a r e  a t  a 
l o w e r  l e v e l  in  th e  w i ld  f i s h ,  b u t  t h i s  i s  c o m p e n s a t e d  f o r  
w h e n  th e  a m o u n t  ( a s  o p p o s e d  to  th e  p r o p o r t i o n )  of  l i p id  is  
c o n s i d e r e d .
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(f) M ale  and f e m a le
T h e  s m a l l  n u m b e r  of  m a l e  f i s h  e x a m i n e d  l i m i t s  the  
c o m p a r i s o n  w h ic h  c a n  b e  m a d e  of m a l e / f e m a l e  l i p id  
c o m p o s i t i o n .  T h e  t h r e e  m a l e  12 m o n t h s - i n -  s e a  f a r m e d  
f i s h  p r o d u c e  f l e s h  and  l i v e r  l i p i d s  w h ic h  do no t  d i f f e r  in any  
m a r k e d  m a n n e r  f r o m  t h o s e  of t h r e e  f e m a l e  f i s h  f r o m  a 
s i m i l a r  e n v i r o n m e n t .
O n  th e  o t h e r  h a n d ,  the  s in g le  m a l e  w i ld  f i s h  (12 m o n t h s  
i n  t h e  sea )  i s  v e r y  d i f f e r e n t  in  i t s  l i p i d s  f r o m  th e  s in g l e  w i ld  
f e m a l e  f i s h  w h ic h  h a d  s p e n t  a  s i m i l a r  t i m e  in  t h e  s e a .
'Î 
;;
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(ii) C om ponen t  a c id s  of each  l ip id  c l a s s
T h e  c o m p o n e n t  a c i d s  of e a c h  m a j o r  l i p id  c l a s s  of 
f a r m e d  and  w i ld  s a l m o n  h a v e  f o r  c o n v e n i e n c e  b e e n  g r o u p e d  
in to  s a t u r a t e s ,  m o n o e n e s ,  n - 6 andn_-3  p o l y e n e s .  O n ly  th e  
m a j o r  c o m p o n e n t s  of e a c h  of t h e s e  g r o u p s  of a c i d s  h a v e  
b e e n  t a b u l a t e d ,  n a m e l y  16:0 and  18:0,  16:1,  18:1 and  20:1 ,  
18:2 n - 6  and  20:4 n - 6  an d  20 :5 ,  22:5 an d  22 :6  n - 3,  T h e  
s u m  of t h e s e  a c i d s  i s  u s u a l l y  a t  l e a s t  .80% and  i n  s o m e  c a s e s  
g r e a t e r  t h a n  90% of the  t o t a l  a c i d s .
T h e  c o m p o n e n t  f a t t y  a c i d s  of  th e  i n d i v id u a l  s a l m o n  
l i p i d s  w i l l  b e  d i s c u s s e d  i n i t i a l l y  i n  t e r m s  of the  v a r i a t i o n s  
of t h e  l e v e l s  of t h e s e  a m o n g  t h e  t h r e e  l ip id  s i t e s  ( f l e s h ,  l i v e r  
and  gonads)  and  b e t w e e n  f a r m e d  and w i ld  f i s h .  D i f f e r e n c e s  
in  th e  l e v e l s  of a c i d s  f o r  m a t u r e  and i m m a t u r e  f i s h  and  m a l e  
and  f e m a l e  f i s h  a r e  d i s c u s s e d  f o r  i n d i v id u a l  s a l m o n  l i p i d s  
a f t e r  th e  c o m p l e t i o n  of  t h e s e  i n i t i a l  c o m p a r i s o n s .
-  - J " .  . y f f :  .  ■ - ■- . A - A  .  A  ' " . . .V .  ■ . .  y - . ' . . .  2 , : ; .
r,7
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(a) T r i a c y l g l y c e r o l s  (Table  5).
T h e  t r i a c y l g l y c e r o l s  f r o m  th e  s e v e n  c a t e g o r i e s  of 
s a l m o n  e x a m i n e d  c o n t a i n  . 16:0 and  18:0 a s  th e  m a j o r
s a t u r a t e d  a c i d s .  P a l m i t i c  a c i d  [9 .7%  (1. 9) j i s  t h e  d o m i n a n t  
m e m b e r  of  t h i s  g ro u p  and  i t s  v a l u e  v a r i e s  l i t t l e  b e t w e e n  m a l e  
and  f e m a l e  f i s h ,  f a r m e d  and  w i ld ,  m a t u r e  an d  i m m a t u r e ,  o r  
a m o n g  t h e  t h r e e  l i p id  s i t e s  ( f l e s h ,  l i v e r  and  gonads ) .
T h e  m a j o r  m o n o e n e  a c i d  i s  18:1,  a c c o m p a n i e d  by 
lo w e r  l e v e l s  of 16:1,  20:1 and  22 :1 .  In  f l e s h  l i p i d s ,  the  16:1 
1,6. 5% ( 1 . 5 ) j  an d  18:1 123 .4% (2. 2) j a c i d s  v a r y  l i t t l e  a m o n g  
th e  v a r i o u s  c a t e g o r i e s  of f i s h ,  bu t  in  l i v e r  t h e s e  l e v e l s  
a r e  s l i g h t l y  h i g h e r  an d  s o m e w h a t  m o r e  v a r i a b l e  116:1, 7 , 0 %  ( 2 . 1 ) ;  
18: 1, 30 .7 %  (5 .8 )  j .  T h e  g o n ad s  h a v e  l o w e r  m o n o e n e  l e v e l s  
116:1,  1 ,4%  ( 0 , ^ ;  18:1,  18. 2% (3.  6) j t h a n  th e  l i v e r  and  the  
f l e s h .
O n ly  l i n o l e i c  (18:2)  and  a r a c h i d o n i c  (20:4)  a m o n g  th e  n - 6  
p o ly e n e  a c i d s  a r e  c o n s i s t e n t l y  p r e s e n t  a t  s i g n i f i c a n t  l e v e l s  
( ^ 1% ) .  A r a c h i d o n i c  o c c u r s  a t  low l e v e l s  (1-6%) a m o n g  the 
v a r i o u s  c a t e g o r i e s  w h e r e a s  the  v a l u e  f o r  l i n o l e i c  s h o w s  
i n t e r e s t i n g  v a r i a t i o n s ,  r a n g i n g  f r o m  1-18%, w i th  c o n s i s t e n t l y  
h i g h e r  v a l u e s  b e i n g  s how n  f o r  f a r m e d  f i s h  c o m p a r e d  to  wild  
one s,
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F l e s h  L i v e r  G onad  s
f a r m e d  w i ld  f a r m e d  w i ld  f a r m e d  w i ld
18:2 n - 6  13.7(2.3) 1.2(0.5) 10.2(5.1) 2.3(1.^ 9.7(2.9) 2.0(1.2)
T h e  f a r m e d  f i s h  a r e  fed  a  c o m p a r a t i v e l y  l i n o l e i c - r i c h  d ie t ,
f o r  e x a m p l e ,  17% of t h i s  a c i d  i s  p r e s e n t  in  t h e  t r i a c y l g l y c e r o l s .
T h i s  p r o b a b l y  a c c o u n t s  f o r  t h e  d i f f e r e n c e  f r o m  w i ld  f i s h  w h ic h
h a v e  a l o w e r  l ip id  i n t a k e  an d  l e s s  n - 6  p o ly e n e  a c i d s  in  t h e i r
d i e t .  T h e  m a r i n e  z o o p l a n k t o n  E u p h a u s i a  p a c i f i c a , u p o n  w h ich
s o c k e y e  s a l m o n  jO n c o r h y n c h u s  n e r k a ] f e e d ,  h a s  a  c o n t e n t  of
l i n o l e i c  p l u s  l i n o l e n i c  a c i d  of  on ly  4% of th e  t o t a l  f a t t y  a c i d s  of
69i t s  t o t a l  n e u t r a l  l i p id  c o m p o n e n t s
T h e  l e v e l  of  th e  m a j o r  n - 3 p o ly e n e  a c i d s ,  20 :5 ,  22:5 
and  22 :6 ,  i s  s i m i l a r  in  f l e s h  and  l i v e r ,  bu t  i s  s i g n i f i c a n t l y  
h i g h e r  in  t h e  g o n a d s ,  p a r t i c u l a r l y  in  th e  p r o p o r t i o n  of 22:6  
p r e s e n t .
F l e s h  L i v e r  G o n a d s
20:5 f  22 :5  + 2 2 : 6  2 2 . 5 ( 3 , 3 )  2 5 . 6 ( 6 . 3 )  4 4 . 5 ( 8 , 5 )
22 :6  1 3 . 5 ( 2 . 5 )  1 3 . 1 ( 4 . 6 )  2 9 . 9 ( 6 . 2 )
No s ig n i f i c a n t  d i f f e r e n c e s  a r e  o b s e r v e d  f o r  t h e s e  a c i d s  b e t w e e n  
f a r m e d  and  w i ld  f i s h .
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T h e  i m m a t u r e  (B) an d  m a t u r e  (C) f i s h  show s e v e r a l  
i n t e r e s t i n g  d i f f e r e n c e s  i n  t h e i r  c o m p o n e n t  a c i d s .  T h e  
i m m a t u r e  f i s h  h a v e  m o r e  m o n o e n e  and  l e s s  n - 6  an d  n - 3 p o l y e n e s  
in t h e i r  l i v e r  c o m p a r e d  w i th  t h e  m a t u r e  f i s h ,  w h e r e a s  in  the  
g o n a d s  t h e  i m m a t u r e  f i s h  h a v e  l e s s  m o n o e n e s ,  l e s s  n - 6  p o l y e n e s  |
and  m o r e  n - 3  p o l y e n e s .
F l e s h  L i v e r  G o n a d s
M a t u r e  I m m a t u r e  M a t u r e  I m m a t u r e  M a t u r e  I m m a t u r e
a 37.6(0.^ 35,8 (1.6) 35.0(0.0) 51.4 (6.1) 33.2(0.9 24.7 (1.0)
b 13.9(0.9 13.1 (2.8) 12.8(0.9 5.4 (2.2) 13.9(0.9 8.3 (0.8)
I
€ 23.1(0.9 21.9 (0.8) 33.4(1.0) 20.4 (2.2) %.8(1.4) 50.4 (4.2) 1
. 1
a .  16:1 4 18:1 + 20:1
b.  18:2 + 20:4
c .  20 :5 + 22:5 + 22:6
T h e r e  a r e  d i f f e r e n c e s  b e t w e e n  the  l e v e l s  of  n - 3  p o ly e n e  
a c i d s  ( p a r t i c u l a r l y  in  t h e  p r o p o r t i o n  of 22:6)  in  the  f l e s h  and  
l i v e r  of  m a l e  and  f e m a l e  w i ld  s a l m o n  ( D ' and  D r e s p e c t i v e l y ) .
F o r  bo th  s i t e s  the  m a l e  f i s h  h a s  the  h i g h e s t  l e v e l  of  22 :6 .  T h e  
m a l e  f i s h ,  h o w e v e r ,  h a s  a l o w e r  l e v e l  of 18:1 (27 ,  3%) in  the  l i v e r  
t h a n  th e  f e m a l e  f i s h  (41,  1%).
 ^ t ' /  .  ;*■> " 'A  . A k . .  J  A  .*■   . . <1 .   . , 1 . . .  . .J.. '  :
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20:5  4 22:5  4 22 :6  
22:6
F l e s h
M a l e  F  e m a l e
2 9 . 7  2 4 . 3
19 .4  12 .7
L i v e r
M a l e  F  e m a l e
3 3 . 7  2 0 . 5
1 8 . 0  7 . 2
It m u s t  b e  r e m e m b e r e d  th a t  t h i s  i s  on ly  a c o m p a r i  son  b e t w e e n  
two s i n g l e  f i s h .  No d i f f e r e n c e s  a r e  o b s e r v e d  a m o n g  the 
l e v e l s  of the  f o u r  g r o u p s  of a c i d s  ( s a t u r a t e s ,  m o n o e n e s ,  
n^6  and  n - 3  p o ly e n e s )  b e t w e e n  th e  m a l e  and  f e m a l e  f l e s h  
of t h e  f a r m e d  s a l m o n  ( A ’ an d  A r e s p e c t i v e l y ) .
.-■■'I k ‘
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(b) C h o l e s t e r o l  e s t e r s  (Tab le  6)
T h e  c h o l e s t e r o l  e s t e r  c o n t e n t  I s  u s u a l l y  a lo w
p r o p o r t i o n  of th e  t o t a l  l i p i d s  of m a r i n e  f i s h .  A l s o ,  t h e i r
m e t h y l  e s t e r s  a r e  k n o w n  to show w ide  v a r i a t i o n s  in  t h e i r
l e v e l s  of  the  " n o r m a l ” r a n g e  of o b s e r v e d  f a t t y  a c i d s ,
s o m e t i m e s  a c c o m p a n i e d  by h ig h  l e v e l s  of u n u s u a l  f a t t y
l aa c i d s  (eg .  f u r a n o i d  a c i d s  ) w h en  c o m p a r e d  w i th  t h o s e  of 
th e  m a j o r  l i p id  c l a s s e s .
In th e  p r e s e n t  s tu d y  of the  m e t h y l  e s t e r s  of the  
c h o l e s t e r o l  e s t e r s  of A t l a n t i c  s a l m o n  (S a lm o  s a l a r )  a n  
u n e x p e c t e d l y  h ig h  c o n t e n t  of  a r a c h i d o n i c  is. s o m e t i m e s  o b s e r v e d  
in  th e  f l e s h  and  l i v e r  of f a r m e d  s a l m o n  ( A / A ').  T h e s e  
a b n o r m a l l y  l a r g e  v a l u e s  f o r  20:4 (n-6)  d i s t o r t  th e  r a n g e  of 
v a l u e s  f o r  t h e  r e m a i n i n g  s a t u r a t e d ,  m o n o e n e  a n d  n - 3  p o ly e n e  
a c i d s  f r o m  t h e s e  s i t e s .  No u s e f u l  c o m p a r i s o n s  c a n  t h e r e f o r e  
be  m a d e  of th e  l e v e l s  of the  f o u r  m a i n  g r o u p s  of f a t t y  a c i d s  
a m o n g  th e  l ip id  s i t e s ,  an d  b e t w e e n  m a l e  and  f e m a l e  f i s h ,  
f a r m e d  an d  w i ld  f i s h .
O ne  c o m p a r i s o n  u n a f f e c t e d  by t h e s e  h ig h  l e v e l s  of  
20:4 (n -6 )  i s  b e t w e e n  m a t u r e  and  i m m a t u r e  f i s h .  T h e  
i m m a t u r e  f i s h  h a v e  m o r e  n - 3  p o l y e n e s ,  b u t  l e s s  m o n o e n e
I
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and  n - 6  p o l y e n e  a c i d s  in  t h e i r  f l e s h  c o m p a r e d  w i th  m a t u r e  
f i s h ,  w h e r e a s  in  th e  l i v e r  t h e  i m m a t u r e  f i s h  h a v e  m o r e  
m o n o e n e s ,  bu t  l e s s  s a t u r a t e s ,  n - 6  and  n - 3  p o l y e n e s .
F l e s h  L i v e r
M a t u r e I m m a t u r e M a t u r e I m m a t u r e
16:0 + 18:0 1 7 . 9 1 7 . 6 13.2(1.7) 8. 1 (0 .  1)
16 :1+  18:1 + 20:1 3 2 . 7 28 .  1 21.0(2.7) 3 6 , 6  ( 2 .3 )
18:2 + 20:4 11.  1 5 .4 7.,8(0J.) 4 . 5  ( 0 . 3 )
20:5 + 22:5  + 22:6 2 5 . 7 3 3 .1 39.4 (4.2) 3 1 . 9  ( 1 .0 )
- C- ' L  i ' J r  ' 1 . V •'5
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(c) P h o s p h a t i d y l  c h o l i n e s  ( T a b l e  7)
P a l m i t i c  a c i d  i s  the  m a j o r  s a t u r a t e d  a c i d  in  th e  f l e s h  
1,15. 1% (2.  5) j ,  l i v e r  j,13. 2% (1.  9) j and g o n a d s  f l 8.  8% (4 , 8) J. 
S t e a r i c  a c i d  i s  a l s o  p r e s e n t  a t  l o w e r  l e v e l s  ( 0 . 3 - 5 ,  3%), but  
r i s e s  to 7 -8 %  i n  th e  l i v e r  and  gonad  p h o s p h a t i d y l  c h o l i n e s  
f r o m  m a t u r e  f i s h .  No s u b s t a n t i a l  d i f f e r e n c e s  a r e  n o t e d  
b e t w e e n  f a r m e d  an d  w i ld  f i s h ,  m a l e  and  f e m a l e  f i s h ,  n o r  
f r o m  th e  d i f f e r e n t  l ip id  s i t e s .
T h e  u s u a l  r a n g e  of m o n o e n e  a c i d s  (1 6 :1 -2 4 :1 )  i s  
p r e s e n t ,  w i th  t h e  and  C ^^ a c i d s  p r e d o m i n a t i n g .  T h e  
c o n t e n t  of 18:1 i s  n o t a b l y  h i g h e r  in  the  l i v e r  f l l . 4 %  ( 2 .4 )  J 
and  g o n a d s  [1 2 .7 %  (3 .3 )  j t h a n  in the  f l e s h  [ 6 .0 %  (2.  2) j ,  b u t  
no  o t h e r  d i f f e r e n c e s  of i n t e r e s t s  a r e  n o te d .
Of th e  n - 6  a c i d s  p r e s e n t  in  the  p h o s p h a t i d y l  c h o l i n e s ,  
l i n o l e i c  ( 0 . 3 - 6 .  2%) and  a r a c h i d o n i c  (0.  9 - 5 .1 % )  a r e  th e  m o s t  
i m p o r t a n t .  No d i f f e r e n c e s  a r e  a p p a r e n t  a m o n g  th e  v a r i o u s  
c a t e g o r i e s  of  f i s h  o r  a m o n g  t h e  l i p id  s i t e s .
T h e  n - 3  a c i d s  a r e  the  m a j o r  c o m p o n e n t s  in  the  
p h o s p h a t i d y l  c h o l i n e s .  T h e  t h r e e  m a j o r  m e m b e r s  (20 :5 ,  22:5  
and  22:6)  a r e  s l i g h t l y  h i g h e r  i n  th e  f l e s h  [66 .  6% (5.  2) j t h a n  
in  th e  l i v e r  [ 5 5 .6 %  (5.  9) j o r  th e  g o n a d s  [4 8 .6 %  ( 6 . 7 ) ] .
T h i s  d i f f e r e n c e  i s  a l s o  to  b e  s e e n  in  t h e  22:6  l e v e l s :  f l e s h  
[51 .4%  (6.  1) J, l i v e r  [38.  0% (5.  9) J , and  g o n a d s  [ 3 3 ,4 %  ( 5 . 6 ) ] .
V.
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On th e  b a s i s  of  tw o f i s h  of e a c h  k in d ,  s o m e  d i f f e r e n c e s  
c a n  be s e e n  b e t w e e n  the  m a t u r e  and  i m m a t u r e  f i s h .  T h e  22:6 
(n -3)  a c i d  l e v e l  i s  l o w e r  f o r  t h e  i m m a t u r e  f i s h  a t  a l l  t h r e e  l i p id  
s i t e s  c o m p a r e d  to m a t u r e  f i s h ,  a l t h o u g h  t h i s  t r e n d  i s  l e s s  
m a r k e d  f o r  the  t o t a l  n - 3  a c i d s  e x c e p t  f o r  t h e  g o n a d s .  T h e  
i m m a t u r e  f i s h  h a v e  h i g h e r  m o n o e n e  l e v e l s  t h a n  th e  m a t u r e  f i s h  
in  t h e  l i v e r  and g o n a d s  ( the  l a t t e r  o r g a n  a l s o  h a v i n g  a h i g h e r
G o n a d s
s a t u r a t e s  c o n t e n t  f o r  t h e  i m m a t u r e  f i s h ) .
F i e  sh L i v e r
M a t u r e  I m m a t u r e M a t u r e  I m m a t u r e
18.6(1.5) 18.6(1.2) 21.0(0.2) 20.3(2.0)
to  (0.7) 10,3(0.9) 14.7(0,3) 18.1(0.2)
64.6(2.9) 61.5(3.0) 52.2 (2.0) 50.1 (3.3)
48.5(0.3) 41.5(2.2) 38,6(1.6) 31.3(1.0)
a .
20:5  + 22:5  + 22:6
22:6
22.1(1.0) 27.1 (1.2)
13.7(0.6) 22.1 (0.1)
52.2(1.8) 39.6(3.9)
37.3(1.8) 25.7 (2.9)
I.’'* V. .
69
D i f f e r e n c e s  e x i s t  b e t w e e n  th e  l e v e l s  of  n - 3  p o ly e n e  
a c i d s  in  t h e  f l e s h  and  l i v e r  of m a l e  and f e m a l e  w i ld  s a lm o n ,
F l e s h  L i v e r
M a l e  F e m a l e  M a l e  F e m a l e
20:5  + 22:5  + 22:6  6 1 . 2  7 0 . 2 ( 1 . 3 )  67.  1 56.  1 (3 .8 )
H o w e v e r ,  i t  m u s t  be  a p p r e c i a t e d  th a t  t h i s  i s  a  s i n g l e  m a l e  
f i s h  and  t h e r e f o r e  d i f f e r e n c e s  c a n  h a r d l y  be  c o n s i d e r e d  
s i g n i f i c a n t .
Ji
F a r m e d  W i ld  F a r m e d  W i ld  F a r m e d  Wild  
18:2 + 20:4 5.0(0.8) 5.5 (4.3) 10.4 (3,6) 2 .7  9.2 (1.5) 4 .5
70
(d) P h o s p h a t i d y l  e t h a n o l a m i n e s  (T a b l e  8)
T h e  m a j o r  s a t u r a t e d  a c i d  i s  p a l m i t i c  [7 .5 %  (2 ,0 )  J w h ic h  
sh o w s  l i t t l e  v a r i a t i o n  a m o n g  e i t h e r  the  d i f f e r e n t  c a t e g o r i e s  of |
f i s h  o r  t h e  v a r i o u s  s i t e s  f r o m  w h ic h  th e  l ip id  w a s  t a k e n .
T h o u g h  u s u a l l y  p r e s e n t  a t  s l i g h t l y  l o w e r  l e v e l s  (2,  5 - 4 ,6 % )  s t e a r i c  
ac i  d r e a c h e s  8-10% in  th e  l i v e r  and  g o n a d s  of m a t u r e  f i s h .
T h e  16:1 and  18:1 m e m b e r s  p r e d o m i n a t e  a m o n g  the  
m o n o e n e  a c i d s .  T h e  c o n t e n t  of 18:1 i s  h i g h e r  in  the16 24
l i v e r  [12 .  0% ( 2 . 6 ) ]  and  g o n a d s  [13,  6% ( 1 . 0 ) ]  t h a n  in  the  f l e s h  
[7 .0%  (1 .3 )  j .  P a l m i t o l e i c  a c i d  i s  p r e s e n t  a t  l o w e r  l e v e l s  
(0,  8 - 2 .  1%) in  f a r m e d  f i s h ,  b u t  s i g n i f i c a n t l y  h i g h e r  p r o p o r t i o n s  
a r e  found  in  th e  f l e s h  an d  g o n a d s  of w i ld  f i s h .  No  d i f f e r e n c e s  
a r e  o b s e r v e d  f o r  m a l e  a n d  f e m a l e  f i s h  o r  f r o m  m a t u r e  and  
i m m a t u r e  f i s h .
T h e  m a j o r  n - 6  p o l y e n e  a c i d s  p r e s e n t  in  p h o s p h a t i d y l  
e t h a n o l a m i n e s  a r e  l i n o l e i c  ( 0 , 3 - 9 . 2 % )  and  a r a c h i d o n i c  ( 1 . 5 - 9 .  6%).
F a r m e d  f i s h  t e n d  to h a v e  h i g h e r  l e v e l s  of t h e s e  tw o  a c i d s  th a n  
w i ld  f i s h  in  t h e i r  l i v e r  a n d  g o n a d s .
F l e s h  L i v e  r  G o n a d s
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T h e  n - 3  p o l y e n e  a c i d s  a r e  th e  d o m i n a n t  c o m p o n e n t s  of 
the  p h o s p h a t i d y l  e t h a n o l a m i n e s . T h e  t h r e e  m a j o r  m e m b e r s  
(20 :5 ,  22:5 and  22:6)  a r e  n o t  v e r y  d i f f e r e n t  f o r  the  f l e s h  
[ 61 .4%  ( 8 . 0 ) j ,  l i v e r  [ 5 4 .8 %  ( 7 , 0 ) j  and  g o n a d s  [ 5 2 .9 %  ( 6 . 3 ) ] .  
T h e  l e v e l  of  th e  m o s t  a b u n d a n t  n - 3  a c i d ,  22 :6 ,  a l s o  f o l l o w s  t h i s  
t r e n d ;  f l e s h  [52,  1% (7 .  3) j , l i v e r  [4 2.  1% (8, 1) J an d  g o n a d s  
[40 ,5%  ( 7 . 9 ) j .  T h e  l e v e l  of the t h r e e  m a j o r  n - 3  a c i d s  t e n d s  
to be  h i g h e r  in  the  f l e s h ,  bu t  l o w e r  in  t h e  g o n a d s  of  f a r m e d  
f i s h  c o m p a r e d  to w i ld  o n e s .
F l e s h  L i v e r  G o n a d s
f a r m e d  w i ld  f a r m e d  w i ld  f a r m e d  w i ld
20:5  + 2 2 :5 +  22:6  65.0(4.1) 54.3(&9) 51.6(7.5) 5 6 . 1  50.3(4. C) 6 3 . 3
D i f f e r e n c e s  c a n  be o b s e r v e d  b e t w e e n  m a t u r e  and  i m m a t u r e
f i s h  in  th e  t o t a l  n - 3 p o l y e n e  a c i d s ,  a s  c a n  be  s e e n  in  th e  fo l lo w in g
f i g u r e  s.
F l e s h  L i v e r  G o n a d s
M a t u r e  I m m a t u r e  M a t u r e  I m m a t u r e  M a t u r e  I m m a t u r e  
a  6 7 . 0  5 9 . 5  4 6 . 7  5 2 . 2  4 6.5(0.3) 5 4 , 1 ( 1 . 4 )
a .  20 :5  + 22:5  + 22 :6
T h e  i m m a t u r e  f i s h  h a v e  l e s s  n - 3  p o ly e n e  a c i d s  in  t h e  f l e s h  
c o m p a r e d  to m a t u r e  f i s h ,  b u t  in the  l i v e r  and  g o n a d s  the  
i m m a t u r e  f i s h h a v e  m o r e  n - 3  p o l y e n e  a c i d s .
N o  s i g n i f i c a n t  d i f f e r e n c e s  a r e  o b s e r v e d  b e t w e e n  m a l e  
and  f e m a l e  f i s h  e i t h e r  f a r m e d  o r  w i ld ,  w h e r e  t h e s e  c o m p a r i s o n s  ^
a r e  a v a i l a b l e .
c73
(e) C a r d io U p ih s  (T ab le  9)
P a l m i t i c  a c i d  [ 1 1 .8 %  ( 2 . 3 ) j  i s  the  m a j o r  s a t u r a t e d  
acid and  i t s  v a l u e  d o e s  no t  v a r y  b e t w e e n  m a l e  an d  f e m a l e  f i s h ,  
m a t u r e  and  i m m a t u r e  f i s h ,  f a r m e d  and w ild  f i s h  o r  a m o n g  the  
t h r e e  l i p id  s i t e s .  S t e a r i c  a c i d  u s u a l l y  o c c u r s  a t  l o w e r  l e v e l s  
(1.  9 - 7 . 0 % ) .
T h e  m a j o r  m o n o e n e s  a c i d s  p r e s e n t  a r e  a g a i n  1 6; 1 and  
18:1 w i th  20:1 ,  22:1 an d  24:1 i n  s m a l l e r  a m o u n t s .  T h e  
d o m i n a n t  m o n o e n e  i s  18:1 and  i t s  c o n t e n t  i s  h i g h e r  in  the  gonad  
l i p i d s  [1 9 .6 %  ( 2 , 6 ) j .  t h a n  in  t h e  l i v e r  [1 2 .7 %  (3.  2) j o r  f l e s h  
[ 15 .3%  (3 .  1) j .  No  s i g n i f i c a n t  d i f f e r e n c e s  a r e  o b s e r v e d  
b e t w e e n  f a r m e d  and  w i ld  f i s h  o r  m a l e  and  f e m a l e  f i s h .
L i n o l e i c  and  a r a c h i d o n i c  a r e  the  m o s t  p r o m i n e n t  n - 6  
p o l y e n e  a c i d s .  T h e  l e v e l s  of b o th  l i n o l e i c  ( 0 . 8 - 1 2 . 7 % )  and  
a r a c h i d o n i c  ( 0 . 5 - 1 9 . 7 % )  e x h i b i t  c o n s i d e r a b l e  v a r i a t i o n s .  
H o w e v e r ,  t h e  c o n t e n t  of 18:2 t e n d s  to  be  g r e a t e r  f o r  f a r m e d  
t h a n  w i ld  f i s h .
F l e s h  L i v e r  ' G o n a d s
f a r m e d  wi ld  f a r m e d  w i ld  f a r m e d  w i ld  
18:2 n - 6  9 . 2 ( 1 . 3 )  0 . 8  8 . 5  ( 2 .9 )  1 ,0  5 . 6  ( 2 . 0 )  0 . 9
T h e  an d  p o l y e n e s  a r e  the  m a j o r  n - 3  a c i d s  
w h ic h  a r e  th e  l a r g e s t  c o m p o n e n t s  of the  c a r d l o l i p i n s .  T h e
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con ten t  of th e se  t h r e e  a c id s  (20:5,  22:5 and 22:6) i s  not v e r y  |
d i f f e r e n t  f o r  f l e s h  [30,  1% (6 .  5) J, l i v e r  {,34. 3% (6. 9) j and 
g o n a d s  {,31,7% ( 7 , 4 ) ]  an d  t h i s  i s  a l s o  t r u e  f o r  th e  22 :6  a c id :  
f l e s h  1.25.0% (5 ,7 )  j ,  l i v e r  f 2 7 . 0% ( 5 , 8 ) j  and  g o n a d s  j„22.7% (5 .7 )  j .
T h e  f a r r n e d  f i s h  t e n d  to h a v e  l o w e r  l e v e l s  of t h e s e  t h r e e  a c i d s  
( p a r t i c u l a r l y  22:6)  t h a n  the  w i ld  f i s h .
F l e s h  L i v e r  G o n a d s
f a r m e d  w i ld  f a r m e d  w i ld  f a r m e d  wi ld
2 0 : 5 +  22:5+122:6 28.7(5.1) 4 2 . 8  32.6(6.4) 4 2 . 6  27.8(3.9) 4 3 . 1
22 :6  23.8(3.4 ) 36 . 6 26.0(5.9) 31 . 9 20.6(5:1) 28 . 9
S e v e r a l  i n t e r e s t i n g  d i f f e r e n c e s  o c c u r  b e t w e e n  th e  c o m p o n e n t  
a c i d s  of i m m a t u r e  and  m a t u r e  f i s h .  T h e  i m m a t u r e  f i s h  b e s i d e s  
h a v i n g  m o r e  m o n o e n e  in  t h e i r  f l e s h  c o m p a r e d  w i th  m a t u r e  f i s h ,  
h a v e  m o r e  m o n o e n e ,  m o r e  n - 3  p o l y e n e s  and  l e s s  n - 6  p o l y e n e  a c i d s  
in t h e i r  l i v e r .  In  th e  g o n a d s  the  i m m a t u r e  f i s h  h a v e  l e s s  m o n o e n e ,  
l e s s  n - 6  p o l y e n e s  bu t  m o r e  n - 3  p o ly e n e  a c i d s  c o m p a r e d  to  m a t u r e  f i s h .
F i e  sh L i v e r  G o n a d s
M a t u r e  I m m a t u r e  M a t u r e  I m m a t u r e  M a t u r e  I m m a t u r e  
a  22.2(1.2) 29.1(1.3) 18,6(1.3) 2 6 . 4  3 1 . 2  23.7 (1.3)
b 14.3(2.0) 12.1(0.3) 11.9(0.7) 6 . 6  1 1 . 9  6.9 (0.2)
c 33.2(2.1) 32.5(1.6) 26.0(5.0) 3 9 . 0  2 2 . 3  30.6 (0.4)
a .  16:1 + 18:1 + 20:1 b ,  18:2 + 20:4 c .  20 :5  + 22:5  + 22:6
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W h e r e  c o m p a r i s o n s  a r e  a v a i l a b l e  b e t w e e n  m a l e  and  
f e m a l e  f i s h  ( A / A ' ) ,  t h e  o n ly  o b s e r v a b l e  d i f f e r e n c e  i s  in  th e  
l e v e l  of th e  18:0 a c i d  in  th e  l i v e r  l i p i d s .  T h i s  i s  h a r d l y  
s i g n i f i c a n t ,  a s  t h e r e  i s  on ly  on e  f i s h  of e a c h  ty p e .
>
; ’.N  . : ^ > ' I < ' Î  ’-i li^'. '-/A_. A  ..-sv r  'y.r Zi-
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8. O b s e r v a t i o n s
(i) D i s t r i b u t i o n  of l i p id s
N e u t r a l  l i p i d s  ( m a i n l y  t r i a c y l g l y c e r o l s )  a r e  g e n e r a l l y  h i g h e s t  
in  th e  f l e s h  and  l e a s t  in the  l i v e r .  C o r r e s p o n d i n g l y ,  the  l e v e l s  of 
■polar  l i p i d s  ( m a i n l y  P C  and  P E )  a r e  l o w e s t  in  th e  f l e s h  and h i g h e s t  
in t h e  l i v e r .
(ii) C o m p o n e n t  f a t t y  a c i d s
V a r i a t i o n s  o c c u r  in the  f a t t y  a c id  p r o f i l e s  r e l a t e d  to l i p id  
c l a s s  and  s i t e .
T h e  p r o p o r t i o n  of  s a t u r a t e d  a c i d s  and  of  t h e  m a j o r  c o m p o n e n t  
p a l m i t i c  a c i d ,  i s  h i g h e s t  in  t h e  p h o s p h a t i d y l  c h o l i n e s  a t  a l l  t h r e e  s i t e s  
and  l o w e s t  in  th e  p h o s p h a t i d y l  e t h a n o l a m i n e s .
In th e  f l e s h  and  l i v e r  l i p i d s ,  m o n o e n e  a c i d s  a r e  h i g h e s t  in  the  
t r i a c y l g l y c e r o l s  and  m u c h  l o w e r  in  the p h o s p h a t i d y l  c h o l i n e s  and  
p h o s p h a t i d y l  e t h a n o l a m i n e s . T h e s e  d i f f e r e n c e s  a r e  r e t a i n e d  in  th e  
gonad  l i p i d s ,  bu t  a r e  l e s s  m a r k e d .
A t  a l l  t h r e e  s i t e s  t h e  n - 6  p o ly e n e  a d d s  a t t a i n  t h e i r  h i g h e s t  
l e v e l s  in  the  t r i a c y l g l y c e r o l s  and c a r d l o l i p i n s  and  t h e i r  l o w e s t  l e v e l s  
in the  p h o s p h a t i d y l  c h o l i n e s .  T h e  l e v e l s  in  the  p h o s p h a t i d y l  e t h a n o l ­
a m i n e s  a r e  m u c h  c l o s e r  to  the  p h o s p h a t i d y l  c h o l i n e s  in  th e  f l e s h ,  and  
to  th e  t r i a c y l g l y c e r o l s  in  the  l i v e r  and g o n a d s .
T h i s  s i t u a t i o n  i s  l a r g e l y  r e v e r s e d  w i th  the  n - 3  p o ly e n e  a c i d s  . 
V e r y  h ig h  l e v e l s  of t h e s e  a c i d s  a r e  p r e s e n t  in  b o th  g r o u p s  of 
p h o s p h a t i d y l  e s t e r s .  V a l u e s  a r e  l o w e r  f o r  the  t r i a c y l g l y c e r o l s ,  b u t
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the  d i f f e r e n c e s  a r e  l e s s  m a r k e d  in th e  gonad l i p i d s  t h a n  in  the  
l i p i d s  f r o m  f l e s h  an d  l i v e r .
T h e  d e t a i l e d  f i g u r e s  in  T a b l e  10 a r e  r e d u c e d  to  t h e i r  s i m p l e s t  
f o r m ,  in a m o d i f i c a t i o n  w h ic h  m a k e s  t h e s e  t w o - f o l d  c o m p a r i s o n s  
m o r e  c o m p r e h e n s i b l e .
( ii i)  wildJfish^
T h e  g o n a d s  h a v e  a  l o w e r  t o t a l  l ip id  c o n t e n t  f o r  f a r m e d  
c o m p a r e d  to wild  s a l m o n ,  w h e r e a s  the f l e s h  and  l i v e r  a r e  s i m i l a r .  
T h i s  d i f f e r e n c e  i s  r e f l e c t e d  p a r t i c u l a r l y  in  the  T G  l e v e l  of w ild  s a l m o n  
g o n a d s ,  w h ic h  i s  g r e a t l y  i n c r e a s e d .  T h e  r e l a t i v e  p r o p o r t i o n s  of the  
o t h e r  c o m p o n e n t s  a r e  d e c r e a s e d  ( a l th o u g h  t h e i r  a b s o l u t e  a m o u n t s  a r e  
i n c r e a s e d ) .
In  t e r m s  of  f a t t y  a c i d  c o m p o s i t i o n ,  the  m o s t  s t r i k i n g  d i f f e r e n c e  
i s  the  h i g h e r  l e v e l  of 18:2 n - 6  in  the T G  (and P E , C L )  of f l e s h ,  l i v e r  
and  g o n a d s  of f a r m e d  s a l m o n  c o m p a r e d  to w i ld .  L e s s  s t r i k i n g  
d i f f e r e n c e s  o c c u r  f o r  n - 3 p o l y e n e  a c i d s  of  C L  (w h ich  a r e  l e s s  f o r  
f a r m e d  f i s h  in  f l e s h ,  l i v e r  and  g onads )  and  f o r  P E  ( g r e a t e r  f o r  f a r m e d  
f i s h  in f l e s h ,  bu t  l e s s  in  g o n a d s ) .
(iv) L H e c ^ c ^  m a  tu  m U  on
I m m a t u r e  f a r m e d  s a l m o n  w h ic h  h a v e  s p e n t  e i g h t e e n  m o n t h s  
in  s e a  w a t e r ,  u n d e r  i d e n t i c a l  d i e t a r y  and  e n v i r o n m e n t a l  c o n d i t i o n s  to 
t h o s e  f a r m e d  f o r  12 m o n t h s  in  s e a  w a t e r ,  h a v e  h i g h e r  t o t a l  l i p id  l e v e l s  
f o r  t h e i r  f l e s h ,  l i v e r  an d  g o n ad  o r g a n s .  T h i s  i s  r e f l e c t e d  in a n  
i n c r e a s e d  t o t a l  n e u t r a l  l i p id  l e v e l  ( m a i n l y  TG) o v e r  t h i s  p e r i o d .
T a b l e  10. V a r i a t i o n  in  f a t t y  a c i d  p r o f i l e s  in r e l a t i o n  to  l i p id  c l a s s  
a n d  s i t e
TG- PC P E  C L
F  14 16 11 15
1 6 : 0 + 1 8 : 0  L  11 17 11 17
G 12 22 13 19
16:1 + 18:1 
+ 20:1
18:2 + 
20:4 (n -6 )
20 :5  + 22:5 
+ 22:6 (^ 3)
F  38 9 13 27
L  44 17 17 20
G 27 20 17 26
F  14 4 5 13
L  10 5 9 11
G 9 4 8 3
F  22 67 61 30
L  26 56 55 34
G 45 49 53 32
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T h e s e  d i f f e r e n c e s  a r e  p e r h a p s  n o t  too  s u r p r i s i n g  a s  th e  e x t r a  s ix 
m o n t h s  f e e d i n g  t i m e  f o r  the  o l d e r  f a r m e d  f i s h  s h o u ld  p r o d u c e  a 
l a r g e r  f i s h  ( a s s u m i n g  no s e x u a l  m a t u r a t i o n )  w i th  c o n c o m i t a n t l y  
l a r g e r  l ip id  s t o r e s  ( m a i n l y  n e u t r a l  l i p i d s ) .
M a t u r a t i o n  c a u s e s  a  d r o p  in  th e  t o t a l  l ip id  l e v e l s  of the  f l e s h ,  
l i t t l e  c h a n g e  in  th e  l i v e r ,  b u t  a n  i n c r e a s e  in  th e  g o n a d s .  T h e s e  
r e c i p r o c a l  c h a n g e s  in th e  l i p id  c o n t e n t s  of f l e s h  an d  g o n a d s  a r e  
p r o b a b l y  a r e s u l t  of the  g e n e r a l  d e p l e t i o n  of s t o r e d  v i s c e r a l  l ip id  
( in c lu d in g  f l e s h  l i p i d s ) ,  t r a n s f e r r e d  to the  d e v e l o p in g  o v a r y  (v ia  th e  
l i v e r )  d u r i n g  m a t u r a t i o n .  In  e a c h  of the  t h r e e  l ip id  s i t e s ,  the  
p r o p o r t i o n  of t o t a l  n e u t r a l  l i p i d s  i s  d e c r e a s e d  and  P C  and  ( e x c e p t  
f o r  gonads )  P E  a r e  i n c r e a s e d  upon  m a t u r a t i o n .  T h e  d r o p  in n e u t r a l  
l i p i d s  in  f l e s h  and  l i v e r  i s  m a i n l y  due to  a d e c r e a s e  in  th e  r e l a t i v e  
p r o p o r t i o n  of T G ,  b u t  in  the  g o n a d s  T G  i s  a c t u a l l y  i n c r e a s e d ,  a l t h o u g h  ®
the  f a l l  in  the  r e m a i n i n g  n e u t r a l  l i p i d s  m o r e  t h a n  c o m p e n s a t e s  f o r  t h i s .
T h e  m o s t  m a r k e d  c h a n g e s  w h ic h  o c c u r  in  th e  f a t t y  a c i d  
c o m p o s i t i o n  of f a r m e d  s a l m o n  o v e r  the  p e r i o d  12 to  18 m o n t h s  ( m a t u r e )  ■/:
in s e a  w a t e r ,  o c c u r  in  th e  l i v e r  and  the  g o n a d s .  In  g e n e r a l ,  the  l i v e r s  
of  m a t u r e  f i s h  h a v e  h i g h e r  l e v e l s  of C , and  C a c i d s  ( s a t u r a t e d  and  
m o n o e n o i c ) ,  bu t  l o w e r  l e v e l s  of C ^ q and  C ^ ^  n~3 p o l y e n e  a c i d s  
( p a r t i c u l a r l y  22;6)  in  t h e i r  p o l a r  l i p id  f r a c t i o n s  c o m p a r e d  to i m m a t u r e  
f i s h .  T h i s  a g r e e s  w i th  the  f i n d i n g s  of A k u l in ^ ^ ,  w ho  s tu d ie d  the 
c h a n g e s  in  f a t t y  a c i d  c o m p o s i t i o n  of the  p o l a r  l i p i d s  of  l i v e r  and  m u s c l e  
of s o c k e y e  s a l m o n  d u r i n g  the  s p a w n in g  p e r i o d .  T h e  a u t h o r  found  
s e l e c t i v e  m o b i l i s a t i o n  of  t h e s e  f a t t y  a c i d s  a b o v e ,  in  th e  l i v e r ,  bu t  
n o t  in the  m u s c l e .
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In  th e  g o n a d s ,  t h e  p h o s p h a t i d y l  c h o l i n e s  (no t  P E  o r  CL)  u p o n  j
;
m a t u r a t i o n  show  a d e c r e a s e  in  the  r e l a t i v e  p r o p o r t i o n s  of C ^ and
C ,  _ a c i d s  ( s a t u r a t e d  and  m o n o e n o ic )  b u t  a n  i n c r e a s e  in  the  n~3 1 8 '  ' —
p o ly e n e  a c i d s .  T h e  h e p a t i c  and g o n a d a l  t r i a c y l g l y c e r o l s  upo n
m a t u r a t i o n ,  show  c h a n g e s  in the  r e l a t i v e  p r o p o r t i o n s  of the a b o v e  j
;
. a c i d s  w h ic h  a r e  t h e  e x a c t  o p p o s i t e  to  t h o s e  of  P C  (and  P E ,  CL)  in  
the  l i v e r  and  g o n a d s  (no t  P E ,  C L  th ough) .
(v) J[nfl u encejof^ ■
T h e  f a t t y  a c i d  c o m p o s i t i o n  of th e  l ip id  r e s e r v e s  of m a n y  f i s h  
65h a s  b e e n  found to p a r t l y  r e f l e c t  t h a t  of the  d i e t a r y  l i p i d s  eg .  a :
h ig h  l e v e l  of l i n o l e i c  a c i d  in  the  d ie t  r e s u l t s  in h igh  l e v e l s  of  t h i s  ^
7 0 'a c i d  in  the  d e p o t  l i p i d s  . H o w e v e r ,  e n d o g e n o u s  f a t t y  a c i d s  a l s o  ■;
c o n t r i b u t e  to t h e  d e p o t  l i p i d s  and  i t  i s  no t  a l w a y s  p o s s i b l e  to r e l a t e  |
the  d ep o t  l i p id  c o m p o s i t i o n  to tha t  of  th e  d i e t .
I t  d o e s  no t  s e e m  u n r e a s o n a b l e ,  h o w e v e r ,  to a t t r i b u t e  m o s t
of  the  d i f f e r e n c e s  b e t w e e n  th e  l ip id  c o m p o s i t i o n s  o f  ( i m m a t u r e )
f a r m e d  and  w i ld  s a l m o n  w h ich  h a v e  sp e n t  a  s i m i l a r  p e r i o d  in  s e a
w a t e r  (12 m o n t h s ) , to  d i f f e r e n c e s  b e t w e e n  th e  a r t i f i c i a l  and  n a t u r a l
d i e t s  f o r  t h e s e  s a l m o n .  T h e  d ie t  of w i ld  s a l m o n  in  t h e  s e a  h a s  a
h ig h  l e v e l  of n -  3 p o l y e n e s  and  a r e l a t i v e l y  low c o n t e n t  of l i n o l e i c ,
69 65r e f l e c t i n g  th e  c o n s u m p t i o n  of m a r i n e  zo.op lahkton o r  s m a l l e r  f i s h  ,
t h e i r  m a j o r  f o o d s .  T h e  d i e t  of f a r m e d  s a l m o n ,  a s  d e s c r i b e d  e a r l i e r ,  "
i s  a  m i x t u r e  of v e g e t a b l e  o i l s ,  l i n s e e d  oil and  f i s h  m e a l ( s )  and  the
m a j o r  l ip id  c o n s t i t u e n t  T G ,  h a s  h igh  l e v e l s  of l i n o l e i c  (and  l i n o l e n i c )
a c i d  d e r i v e d  f r o m  t h e s e  i n g r e d i e n t s .  T h e  t r i a c y l  g l y c e r o l s  (depo t
l i p id s )  of f a r m e d  s a l m o n  h a v e  f a r  h i g h e r  l e v e l s  of l i n o l e i c  a c i d  '
.4
■ ; - __________ - 'ï ' l i ï  1 '•{ .
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th an  th o s e  of the  t r i a c y l g l y c e r o l s  of wild sa lm o n ,  at  a l l  t h r e e  l ip id
s i t e s .  T h i s  d i f f e r e n c e  i s  a l m o s t  c e r t a i n l y  a r e f l e c t i o n  of  th e  f a r
h i g h e r  d i e t a r y  l e v e l s  of t h i s  a c i d  f o r  f a r m e d  s a l m o n  c o m p a r e d  to
th e  l e v e l s  it  would  r e c e i v e  u n d e r  n a t u r a l  c o n d i t i o n s .  C o m p a r i s o n  of  Tables
2 ^ ,4 8 )  and  5(p. 59) r e v e a l s  t h a t  the  r a t i o  of the  s u m  of the  m a j o r  n - 6
p o l y e n e  a c i d s  (18:2  an d  20:4)  to  th e  s u m . o f  t h e  m a j o r  n - 3  p o ly e n e
a c i d s  (20:5 ,  22:5  and  22:6) in  d i e t a r y  T G  i s  s i m i l a r  to th a t  of the
f l e s h  ( l ip id  depot )  TG  of i m m a t u r e  f a r m e d  s a l m o n  1,1 ^  m o n t h s  in
s e a  w a t e r ,  A / A ’ j .  H o w e v e r ,  a l th o u g h  t h i s  r a t i o  i s  s i m i l a r  f o r
d i e t a r y  P C ,  f o r  f a r m e d  s a l m o n  P C  ( T a b le  7 , p , 6 7 )  a t  a l l  t h r e e  l i p id
s i t e s ,  t h i s  r a t i o  i s  d r a s t i c a l l y  r e d u c e d  b e c a u s e  of the  g r e a t l y
i n c r e a s e d  c o n t e n t  of n - 3  p o l y e n e  a c i d s .  T h e  s a m e  p h e n o m e n a  h a s
7 1b e e n  o b s e r v e d  f o r  the  f a t t y  a c i d s  of the l i p id s  of c u l t u r e d  h e r r i n g  
fed  a d i e t  b a s e d  on squ id  m u s c l e ,  v e r y  d i f f e r e n t  f r o m  th e  n a t u r a l  d i e t  
w h ic h  c o n s i s t s  m a i n l y  of  c a l a n o i d  c o p e p o d s .  T h e  f a t t y  a c i d s  of  the  
n e u t r a l  l i p i d s  t e n d e d  to r e f l e c t  the  f a t t y  a c i d  s p e c t r u m  of th e  d i e t ,  
and  w e r e  v e r y  d i f f e r e n t  f r o m  the  c h a r a c t e r i s t i c  p a t t e r n  of h e r r i n g  
o i l s ,  w h e r e a s  t h e  p h o s p h o l i p i d s  r e t a i n e d  the  f a t t y  a c i d  p a t t e r n  of 
m a r i n e  f i s h  (h igh  n - 3  p o ly e n e  a c i d  c o n t e n t ,  p a r t i c u l a r l y  20:5  an d  22 :6 ) .  
T h e  c u l t u r e d  h e r r i n g  h a d  s e l e c t e d  th e  a v a i l a b l e  p o l y u n s a t u r a t e d  f a t t y  
a c i d s  f r o m  th e  d i e t a r y  p oo l  and  f a t  d e p o t s  f o r  the  s y n t h e s i s  of 
p h o s p h o l i p i d s .  A s a  r e s u l t  of  t h i s ,  the  n e u t r a l  l i p i d s  of l i v e r  and  
e x t r a - h e p a t i c  t i s s u e s  h a d  l o w e r  l e v e l s  of 20:5  an d  22 :6  n - 3  t h a n  
e i t h e r  th e  d i e t  o r  the  p h o s p h o l i p i d s .  T h e  l i v e r  n e u t r a l  l i p i d s  had  
the  h i g h e s t  o l e i c  a c i d ,  bu t  the  l o w e s t  20:5 and  22 :6  n - 3  a c i d s .
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T h i s  e n r i c h m e n t  of the p hospho l ip id s  with p o l y u n s a t u r a t e d
a c i d s  a t  the  e x p e n s e  of t h o s e  of l i v e r  n e u t r a l  l i p i d s  h a s  a l s o  b e e n
72 11o b s e r v e d  f o r  t u r b o t  and  p l a i c e  and  in d e e d  w a s  d e s c r i b e d  
e a r l i e r  f o r  th e  l i v e r s  of f a r m e d  and  wi ld  s a l m o n  ( s e e  " O b s e r v a t i o n s ,  (ii) J . {
(vi) M a le  vs  f e m a l e
No s i g n i f i c a n t  d i f f e r e n c e s  a r e  o b s e r v e d  in e i t h e r  t o t a l  l i p id  
l e v e l s  or l ip id  c o m p o s i t i o n  b e t w e e n  m a l e  and  f e m a l e  f a r m e d  s a l m o n  
(A* an d  A) in e i t h e r  the  f l e s h  o r  th e  l i v e r .  M a r k e d  d i f f e r e n c e s  a r e  
o b s e r v e d  f o r  m a l e  and  f e m a l e  w i ld  s a l m o n ,  b u t  a s  o n ly  s in g le  f i s h  
a r e  b e in g  c o n s i d e r e d  th e  r e s u l t s  a r e  h a r d l y  s i g n i f i c a n t .
(vii)  I n d iv i d u a l  d i f f e r e n c e s
T h r e e  m a l e  and  t h r e e  f e m a l e  f a r m e d  s a l m o n  (A'  and  A 
r e s p e c t i v e l y )  w h ic h  h a d  sp e n t  th e  s a m e  p e r i o d  (12 m o n t h s )  in  th e  
s a m e  s e a  w a t e r  p e n  on a n  i d e n t i c a l  d ie t ,  show e d  no  g r e a t  i n d i v id u a l  
d i f f e r e n c e s  in t o t a l  l i p id  l e v e l s  o r  l i p id  c o m p o s i t i o n  in  e i t h e r  t h e  
f l e s h  o r  l i v e r  s i t e s .
III . E X P E R I M E N T A L
m
I
a
83
1. G e n e r a l
(i) Sol ven t  s_
S o l v e n t s  w e r e  of r e a g e n t  g r a d e  and  r e d i s t i l l e d  b e f o r e
u s e .
D r y  m e t h a n o l  w a s  p r e p a r e d  in  th e  fo l lo w in g  w a y .
D r y  m a g n e s i u m  t u r n i n g s  (10 g) and  m e t h a n o l  (50 ml)  w e r e  
w a r m e d  t o g e t h e r  w i th  a few  c r y s t a l s  of i o d i n e .  A v i g o r o u s  r e a c t i o n  
so o n  s t a r t e d  and  w h e n  a l l  t h e  m a g n e s i u m  had  d i s s o l v e d ,  f u r t h e r  
m e t h a n o l  ( 1 , 5  1) w a s  a d d e d  an d  th e  m i x t u r e  r e f l u x e d  f o r  1 h r ,  
a f t e r  w h ich  i t  w a s  r e d i s t i l l e d .
(ii) Gh ro m a j^ p g ^ R b J p ^ A n a l
(a) T h i n  L a y e r  C h r o m a t o g r a p h y
A n a l y t i c a l  T L C  w a s  c a r r i e d  out  on g l a s s  p l a t e s  (20 x  5 cm )  
c o a t e d  w i th  s i l i c a  ge l  G ( 0 . 2 5  m m  w e t  t h i c k n e s s ) .  F o r  s e p a r a t i o n s  
of  l i p i d s  on a p r e p a r a t i v e  s c a l e ,  g l a s s  p l a t e s  (20 x  20 c m )  c o a t e d  
w i th  a 0 . 5  m m  th i c k  l a y e r  of s i l i c a  ge l  G o r  s i l i c a  ge l  H (10% 
m a g n e s i u m  t r i s i l i c a t e )  w e r e  u s e d .  A f t e r  t h i s  p r e p a r a t i o n  th e  
T L C  p l a t e s  w e r e  d r i e d  a t  r o o m  t e m p e r a t u r e  f o r  1 h r ,  a c t i v a t e d  a t  
110 -  120°C f o r  2 h r  and  s t o r e d  in  a d r y i n g  c a b i n e t  c o n t a i n i n g  s i l i c a .  
P r i o r  to u s e ,  th e  T L C  p l a t e s  w e r e  r e a c t i v a t e d  f o r  a t  l e a s t  ^  h r  a t  
1 1 0 - 1 2 0 ° C .
M i x t u r e s  of p e t r o l e u m  (bp 4 0 - 6 0 ° ) ,  d i e t h y l  e t h e r  and  g l a c i a l  
a c e t i c  a c i d  o r  of c h l o r o f o r m ,  m e t h a n o l  and  w a t e r  ( o r  a q u e o u s  
a m m o n i a )  w e r e  n o r m a l l y  u s e d  a s  d e v e l o p in g  s o l v e n t s  f o r  T L C .
T h e  c o m p o n e n t s  on  a n a l y t i c a l  T L C  p l a t e s  w e r e  g e n e r a l l y
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d e t e c t e d  by s p r a y i n g  w i th  a n  e t h a n o l i c  s o lu t i o n  of p h o s p h o in o ly b d i c
a c i d  (10%, w / v )  an d  t h e n  h e a t i n g  a t  110- 1 2 0 ° C . W i t h i n  a  f ew
m i n u t e s ,  s e p a r a t e d  l i p i d s  a p p e a r e d  a s  b l a c k  s p o t s  on a  g r e e n i s h -
y e l lo w  b a c k g r o u n d .
M o r e  s p e c i f i c  s p r a y  r e a g e n t s  w e r e  a l s o  u s e d  f o r  id e n t i f y i n g
th e  m a j o r  n e u t r a l  and  p o l a r  l i p id  c o m p o n e n t  s a f t e r  T L C  s e p a r a t i o n .
W hen  a s o lu t i o n  of f e r r i c  c h l o r i d e  in  w a t e r ,  a c e t i c  a c i d  and  s u l p h u r i c
a c i d  w a s  u s e d  a s  s p r a y  r e a g e n t ,  c h o l e s t e r o l  e s t e r s  an d  f r e e
c h o l e s t e r o l  (not  o t h e r  l i p id s )  a p p e a r e d  a s  r e d - v i o l e t  s p o t s  a f t e r  %
h e a t i n g  a t  100°C f o r  2 - 3  m i n .  ^
A f t e r  s p r a y i n g  w i th  th e  p e r i o d a t e - S c h i f f  r e a g e n t ,  l e a v i n g
fo r  15 m i l l  at  r o o m  t e m p e r a t u r e  and  t r e a t i n g  w i th  s u l p h u r  d io x id e
to  d e s t r o y  e x c e s s  r e a c t a n t ,  l i p i d s  w i th  a. v i c i n a l  d io l  g r o u p  s u c h
74a s  p h o s p h a t i d y l  i n o s i t o l  a p p e a r  a s  p u r p l e  s p o t s
P h o s p h o l i p i d s  su c h  a s  p h o s p h a t i d y l  e t h a n o l a m i n e  and
p h o s p h a t i d y l  s e r i n e ,  t h a t  h a v e  f r e e  a m i n o  g r o u p s ,  w e r e  d e t e c t e d
wi th  the  a id  of a  n i n h y d r i n  s p r a y ,  a p p e a r i n g  a s  r e d - v i o l e t  s p o t s
w h e n  the  p l a t e  w a s  h e a t e d  i n  a n  oven a t  100°C in  a w a t e r - l a d e n  
75a t m o s p h e r e
P r e p a r a t i v e  T L C  p l a t e s  w e r e  s p r a y e d  w i th  an  e th a n o l i c  
s o lu t io n  of 2 ' ,  7 ' - d i c h l o r o f l u o r e s c e i n  (0 .2% ,  w / v )  and  v ie w e d  u n d e r  
u l t r a v i o l e t  l i g h t .  T h e  r e s o l v e d  c o m p o n e n t s ,  w h ic h  a ,p p e a re d  a s  
ye l low  b a n d s  on a p u r p l e  b a c k g r o u n d ,  w e r e  m a r k e d ,  s c r a p e d  off 
th e  p l a t e  and  e x t r a c t e d  u s i n g  d i f f e r e n t  so lv e n t  s y s t e m s  f o r  n e u t r a l  
and  p o l a r  l i p i d s .  T h e  s o l v e n t  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  
and  th e  l a s t  t r a c e s  w e r e  b low n  off w i th  n i t r o g e n .
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(b) A r g e n t a t i o n  C h r o m a t o g r a p h y
Ag^ T L C  w a s  c a r r i e d  out  on p l a t e s  (20 x  20 c m )  c o a t e d  w i th  
s i l i c a  ge l  G ( 0 . 5  m m  th ick )  c o n t a i n i n g  s i l v e r  n i t r a t e  (10%).  T h e  
p l a t e s  w e r e  a c t i v a t e d  a t  110°C f o r  2 h r  a f t e r  p r e p a r a t i o n ,  and  if 
no t  u s e d  i m m e d i a t e l y  th e y  w e r e  s t o r e d  i n  a d e s i c c a t o r  p r o t e c t e d  
f r o m  l i g h t .  T h e y  w e r e  r e a c t i v a t e d  a t  1 10°C f o r  h r  b e f o r e  u s e .
M i x t u r e s  of p e t r o l e u m  (bp 4 0 - 6 0 ° )  and d i e t h y l  e t h e r  w e r e  
g e n e r a l l y  u s e d  a s  d e v e l o p i n g  s o l v e n t s .  A f t e r  d e v e l o p m e n t  the 
p l a t e s  w e r e  d r i e d  in a g e n t l e  s t r e a m  of n i t r o g e n  and  s p r a y e d  w i th  
a n  e t h a n o l i c  s o lu t i o n  of 2 ’ , 7 ' - d i c h l o r o f l u o r e s c e i n  (0 .2 % ,  w / v ) ,  and 
v i e w e d  u n d e r  u l t r a v i o l e t  l i g h t .  T h e  s e p a r a t e d  c o m p o n e n t s  a p p e a r e d  
a s  y e l lo w  b a n d s  on  a  p u r p l e  b a c k g r o u n d .  T h e y  v / e r e  m a r k e d ,  s c r a p e d  
off th e  p l a t e  and  e x t r a c t e d  w i th  d i e t h y l  e t h e r  a n d / o r  c h l o r o f o r m -  
m e t h a n o l  (9 :1 ,  v / v ) .
(c) G a s  L iq u id  C h r o m a t o g r a p h y
GLC w a s  c a r r i e d  out  on  a P y e  s e r i e s  104 c h r o m a t o g r a p h  
e q u i p p e d  w i th  a f l a m e  i o n i s a t i o n  d e t e c t o r .  T h e  g l a s s  c o l u m n s  (1.  5 ini;-; 
l o n g ,  6 m m  e x t e r n a l  d i a m e t e r )  c o n t a i n e d  the s t a t i o n a r y  p h a s e s  
1) 10% S P - 2 2 2 P S ,  2) 20% D E G S  an d  3) 20% E G S S -Y  c o a t e d  on 
C h r o m o s o r b  W (1 0 0 -1 2 0  m e s h )  s u p p o r t s ,  ( T h e  p a c k i n g  m a t e r i a l s  
w e r e  o b ta in e d  f r o m  S u p e lc o ,  I n c . )
T h e  oven  t e m p e r a t u r e s  e m p l o y e d  f o r  t h e s e  t h r e e  c o l u m n s  
w e r e  1 8 8 ° C , 185*^C and  200°C r e s p e c t i v e l y .  N i t r o g e n ,  d r i e d  by 
p a s s a g e  t h r o u g h  a c o l u m n  p a c k e d  w i th  m o l e c u l a r  s i e v e  ty p e  4A, 
w a s  u s e d  a s  th e  c a r r i e r  g a s  a t  a f lo w  r a t e  of 4 0 m l / m i n  f o r  1) and  
éO m l / m i n  f o r  2) and  3).
——-------—------------------------------------.i .2 • • ' . •» . -••V V •. ' l'  * . ? J;,.-. ' :
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Q u a n t i t a t i o n  of  th e  p e a k s  w as  b a s e d  on  p e a k  h e i g h t  x  r e t e n t i o n  
d i s t a n c e  and c o m p o s i t i o n s  of m i x t u r e s  a r e  r e p o r t e d  a s  w e ig h t  
p e r c e n t a g e s .  S t r a i g h t  c h a i n  s a t u r a t e d  a c i d s  (16:0 to 24:0)  w e r e  r u n  
a s  e x t e r n a l  s t a n d a r d s  and  ECL. v a l u e s  and p e r c e n t a g e  c o m p o s i t i o n  
w e r e  c a l c u l a t e d  by a  c o m p u t e r  p r o g r a m m e .
T e n t a t i v e  i d e n t i f i c a t i o n  of the  m a j o r  p o ly e n e  f a t t y  a c i d s  
p r e s e n t  w a s  m a d e  by c o m p a r i n g  t h e i r  E C L  v a l u e s  w i th  p u b l i s h e d  
r e f e r e n c e  t a b l e s  f o r  p o ly e n e  a c i d s ^ ^  and  by  t h e i r  r e l a t i v e  r e t e n t i o n  
r a t i o s  i e .  r e t e n t i o n  d i s t a n c e  of un k n o w n  p e a k / r e t e n t i o n  d i s t a n c e  of 
r e f e r e n c e  p e a k .
( ii i)  T ranse^t_exûficatm n
T h e  r e a g e n t  u s e d  f o r  t r a n s e s t e r i f y i n g  the  s e p a r a t e d  l i p id  
c o m p o n e n t s  f r o m  T L C  w a s  5% (w/v)  a n h y d r o u s  h y d r o g e n  c h l o r i d e  
i n  m e t h a n o l ,  p r e p a r e d  by  a d d in g  a c e t y l  c h l o r i d e  (5 m l )  s lo w ly  to 
co o le d  d r y  m e t h a n o l  (50 m l )  . T h i s  r e a g e n t  w a s  u s e d  in  th e  
fo l l o w in g  w a y .
T h e  l ip id  s a m p l e  (up to 50 mg) w a s  d i s s o l v e d  in b e n z e n e  
(1 m l)  in  a  t e s t  tu b e  and  5% m e t h a n o l i c  h y d r o g e n  c h l o r i d e  (2 ml)  
a d d e d .  T h e  m i x t u r e  w a s  r e f l u x e d  f o r  2 h r  t h e n  5% (w /v )  b r i n e  
s o lu t i o n  (5 m l )  w a s  a d d e d .  T h e  m e t h y l  e s t e r s  w e r e  t h e n  e x t r a c t e d  
w i th  d ie th y l  e t h e r  (2 x  5 ml)  u s i n g  a P a s t e u r  p i p e t t e .  T h e  e t h e r  
l a y e r  w a s  w a s h e d  w i th  w a te r  ( 4 m l )  c o n t a in in g  p o t a s s i u m  
b i c a r b o n a t e  (2%, w / v )  a n d  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u lp h a t e  . 
T h e  e x c e s s  s o lv e n t  w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  in  a r o t a r y  
f i l m  e v a p o r a t o r  o r  in  a  s t r e a m  of n i t r o g e n .
No s o lv e n t  (b e n z e n e )  w a s  n e c e s s a r y  i f  p h o s p h o l i p i d s  w e r e  
t r a n s e  s t e r i f i e d .
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(i) So u rce  of s a m p l e s
F a r m e d  and w i ld  A t l a n t i c  s a l m o n  (S a l m o  s a l a r ) w e r e  
s a c r i f i c e d .  T h e i r  f l e s h ,  l i v e r  and  gonad  o r g a n s  w e r e  r e m o v e d  
i m m e d i a t e l y  and  s t o r e d  in  c h l o r o f o r m - m e t h a n o l  (2 :1 ,  v /v )  s o lu t i o n  
a t  - 2 0 ° C ,  u n t i l  t h e y  w e r e  r e q u i r e d  f o r  a n a l y s i s .
(a) F a r m e d  A t l a n t i c  S a l m o n
F l e s h  (w ho le  f i l l e t ) ,  l i v e r  an d  gonad  s a m p l e s  ( f e m a l e  only)  
w e r e  o b t a in e d  f r o m  f a r m e d  A t l a n t i c  s a l m o n  a t  F i n d  on .  T h e s e  f i s h ,  
bo th  m a l e  and  f e m a l e ,  h a d  s p e n t  a p p r o x i m a t e l y  t w e l v e  m o n t h s  in  
s e a  w a t e r /  ybut  w e r e  s t i l l  s e x u a l l y  i m m a t u r e .  T h e s e  A t l a n t i c  s a l m o n  
( g r o u p  A ( f e m a l e )  and  g r o u p  A '  ( m a l e )  ) l i v e d  in the  s a m e  s e a  w a t e r  
pen  a n d  w e r e  fed  e x a c t l y  th e  s a m e  d i e t  o v e r  th e  d u r a t i o n  of t h e i r  
l i v e s .
A n o t h e r  s e l e c t i o n  of  f l e s h  ( t a i l  f i l l e t ) ,  l i v e r  a n d  gon ad  s a m p l e s  
w e r e  o b ta in e d  f r o m  A t l a n t i c  s a l m o n  which  h a d  s p e n t  a p p r o x i m a t e l y  
e i g h t e e n  m o n t h s  in  s e a  w a t e r  a t  F  in d o n .  T h e s e  s a m p l e s  w e r e  a l l  
f e m a l e ,  s o m e  w e r e  i m m a t u r e  ( g r o u p  B) and  s o m e  m a t u r e  (g ro u p  C) ,
T h e s e  f i s h  h a d  b e e n  fed  a d i e t  a l m o s t  i d e n t i c a l  i n  c o m p o s i t i o n  to 
t h a t  g iv e n  to t h e  y o u n g e r  f a r m e d  s a l m o n  (12 m o n t h s  i n  s e a  w a t e r )  
f r o m  F i n d o n ,
■i
1(b) W ild  A t l a n t i c  S a l m o n  j
One  f e m a l e  (D) and  on e  m a l e  ( D ') w i ld  A t l a n t i c  s a l m o n  w e r e  j
Ic a p t u r e d  out  a t  s e a  off A b e r d e e n  and f l e s h  (w ho le  f i l l e t ) ,  l i v e r  and
g onad  s a m p l e s  w e r e  r e m o v e d  f o r  a n a l y s i s , T h e s e  w i ld  s a l m o n  h a d  
s p e n t  a p p r o x i m a t e l y  t w e l v e  m o n t h s  in s e a  w a t e r ,  b u t  w e r e  s t i l l
88
sexua l ly  i m m a t u r e .
A n o t h e r  ( i m m a t u r e )  w i ld  A t l a n t i c  s a l m o n  ( f e m a l e  (E) ) w h ich  
h a d  s p e n t  a p p r o x i m a t e l y  t w e n t y - f o u r  m o n t h s  in  s e a  w a t e r  w a s  a l s o  
c a p t u r e d  ou t  a t  s e a  off  A b e r d e e n  and  f l e s h  (w ho le  f i l l e t ) ,  l i v e r  and 
g o n a d s  w e r e  r e m o v e d  f o r  a n a l y s i s .
(ii) E x t r a c t i o n  of L i p i d s
(a) (Wet) A n i m a l  t i s s u e s
T h e  f i s h  t i s s u e s  to be  e x t r a c t e d  h a d  b e e n  p r e v i o u s l y  s t o r e d  
in c h l o r o f o r m - m e t h a n o l  (2:1,  v / v )  s o l u t i o n  a t  - 2 0 ° G  and  w e r e  s t i l l  
" w e t "  f r o m  t h e s e  s o l v e n t s .
T w o  m e t h o d s  of e x t r a c t i o n  w e r e  u s e d  f o r  i s o l a t i n g  l i p i d s  f r o m  
t i s s u e s ,  d e p e n d i n g  o n  the  "v /e t "  w e ig h t  of t i s s u e  i n v o l v e d .  F o r  
t i s s u e  w e i g h t s  >  10 g th e  fo l lo w in g  p r o c e d u r e  w a s  u s e d .
T h e  t i s s u e  (100 g) w a s  h o m o g e n i s e d  i n  a b l e n d e r  w i th  
c h l o r o f o r m  (100 m l )  and m e t h a n o l  (200 m l )  f o r  2 m i n u t e s .  T h e  
m i x t u r e  w a s  f i l t e r e d  t h r o u g h  a  s i n t e r e d  g l a s s  f u n n e l  an d  th e  t i s s u e  
r e s i d u e  w a s  r e h o m o g e n i s e d  i n  c h l o r o f o r m  (100 m l )  an d  f i l t e r e d .
T h e  c o m b i n e d  f i l t r a t e s  w e r e  t r a n s f e r r e d  to  a s e p a r a t i n g  funne l ,  
one q u a r t e r  v o l u m e  o f  p o t a s s i u m  c h l o r i d e  s o lu t i o n  (0 .  88%, w /v )  
a d d e d  and  th e  m i x t u r e  s h a k e n  t h o r o u g h l y .  A f t e r  s e p a r a t i o n  and  . 
c l a r i f i c a t i o n  ( r ~ 1 5  m in )  th e  l o w e r  l a y e r  w a s  r e m o v e d ,  f i l t e r e d ,  .#
and  th e  e x c e s s  s o lv e n t  r e m o v e d  in  a r o t a r y  f i l m  e v a p o r a t o r  u n d e r  
r e d u c e d  p r e s s u r e .  T h e  p u r i f i e d  l ip id  w a s  s t o r e d  in  a  s m a l l  v o l u m e  
of c h l o r o f o r m  a t  - 2 0 ° C ,  p e n d i n g  f u r t h e r  a n a l y s i s .
T h i s  p r o c e d u r e  i s  b a s e d  on t h e  a s s u m p t i o n  th a t  t h e  t i s s u e
I ' l i A k i ' ■! .. 'Î ' Iii,,
--T'y v-'
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c o n t a i n e d  80% of w a t e r  an d  i t  w a s  i m p o r t a n t  t h a t  t h e  c o m p o s i t i o n  
of t h e  f in a l  b i p h a s i c  c h l o r o f o r m - m e t h a n o l - w a t e r  s o lu t io n  w a s  
a s  c l o s e  a s  p o s s i b l e  to a  2 : 2 : 1 . 8  r a t i o  (by v o lu m e ) .  If n e c e s s a r y ,  
m o r e  p o ta s s iu m ,  c h l o r i d e  s o lu t i o n  w a s  a d d e d  to a t t a i n  t h i s  r a t i o .
T h e  o r i g i n a l  c h l o r o f o r m - m e t h a n o l  s o lu t i o n  s u r r o u n d i n g  the  s t o r e d  
t i s s u e  was i n c lu d e d  in  t h e  i n i t i a l  w o r k - u p  p r o c e d u r e .
F o r  t i s s u e  w e i g h t s  up  to 10 g, th e  fo l l o w in g  e x t r a c t i o n  
p r o c e d u r e  w a s  e m p l o y e d .
T h e  t i s s u e  (1 g) w a s  h o m o g e n i s e d  in a b l e n d e r  w i th  m e t h a n o l  
(10 m l )  f o r  1 m i n ,  t h e n  c h l o r o f o r m  (20 ml)  w a s  a d d e d  and  the  
p r o c e s s  c o n t i n u e d  f o r  a  f u r t h e r  2 m i n .  T h e  m i x t u r e  w a s  f i l t e r e d ,  
the  r e s i d u e  r e  s u s p e n d e d  in  c h l o r o f o r m - m e t h a n o l  (2:1 v / v ,  30 m l )  
and  r e h o m o g e n i s e d  f o r  2 m i n  b e f o r e  f i l t r a t i o n .  T h e  so l id  . r e s i d u e  
w a s  w a s h e d  w i th  c h l o r o f o r m  (20 ml)  and  m e t h a n o l  (10 m l ) ,  the  
c o m b i n e d  f i l t r a t e s  t r a n s f e r r e d  to a s e p a r a t i n g  fu n n e l  and  o n e - q u a r t e r  
v o l u m e  of a q u e o u s  p o t a s s i u m  c h l o r i d e  s o lu t io n  (0.  88%, w / v )  a d d e d .  
T h e  c o n t e n t s  of th e  fu n n e l  w e r e  s h a k e n  t h o r o u g h l y ,  t h e n  the  l o w e r  
l a y e r  w a s  r e m o v e d  an d  r e w a s h e d  w i th  one q u a r t e r  v o l u m e  of 
w a t e r - m e t h a n o l  (1 :1,  v / v ) .  T h e  p u r i f i e d  l o w e r  l a y e r  w a s  r e c o v e r e d  
and  s t o r e d  a s  d e s c r i b e d  a b o v e .
A l l  w e i g h t s  of e x t r a c t e d  l ip id  h a v e  b e e n  r e c o r d e d  a s  g of 
l ip id  p e r  g w e t  w e i g h t  of t i s s u e .
(b) " D r y "  D i e t  s a m p l e
T h e  t o t a l  l i p id  w a s  e x t r a c t e d  f r o m  a s a m p l e  of t h e  d i e t  fed  
to  the  f a r m e d  f i s h  a t  F in d o n ,  by  th e  fo l l o w in g  m e t h o d .
.... _.............
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T h e  " d r y "  d i e t  s a m p l e  (50 g) w a s  a l l o w e d  to s t a n d  in  
c h l o r o f o r m  (500 m l )  f o r  30 m i n  b e f o r e  b l e n d in g  f o r  2 m i n .
T h e  m i x t u r e  w a s  f i l t e r e d  t h r o u g h  a s i n t e r e d  g l a s s  f u n n e l  and  
the  r e s i d u e  w a s h e d  w i th  c h l o r o f o r m  (500 m l ) .  T h e  f i l t r a t e s  
w e r e  c o m b i n e d  and  th e  e x c e s s  s o lv e n t  r e m o v e d .  T h e  e x t r a c t e d  
l i p id  w a s  s t o r e d  in  th e  u s u a l  w a y .
(ii i)
(a) N e u t r a l  l i p i d s
T h e  e x t r a c t e d  l i p id  (up to 50 mg)  w a s  s e p a r a t e d  in to  i t s  
c o m p o n e n t  n e u t r a l  l i p i d s  by  c h r o m a t o g r a p h i n g  on s i l i c a  ge l  G ( 0 . 5  
m m )  T L C  p l a t e s  in  th e  s o l v e n t  s y s t e m s  p e t r o l e u m  (bp 4 0 - 6 0 ° ) - d i e t h y l  
e t h e r - a c e t i c  a c i d  (80 :20 :1 ,  v / v  o r  90 :1 0 :1 ,  v / v ) .  T h e  m o b i l i t i e s  of 
l i p i d s  in  the  f o r m e r  s y s t e m  w e r e  ( in  o r d e r  of  d e c r e a s i n g  Rf  va lue )  
h y d r o c a r b o n s ,  c h o l e s t e r o l  (wax) e s t e r s ,  t r i a c y l g l y c e r o l s ,  f r e e  f a t t y  
a c i d s ,  1, 3 - d i a c y l g l y c e r o l s , c h o l e s t e r o l ,  1, 2 - d i a c y l g l y c e r o l s  and  
t o t a l  p o l a r  l i p i d s .
A f t e r  d e v e l o p m e n t ,  th e  T L C  p l a t e s  w e r e  s p r a y e d  w i th  2 ' , 7 ‘- 
d i c h l o r o f l u o r e s c e i n  an d  e x a m i n e d  u n d e r  u l t r a v i o l e t  l i g h t .  T h e  
b a n d s  w e r e  m a r k e d ,  s c r a p e d  off an d  e x t r a c t e d  u s i n g  (1) d ie th y l  e t h e r  
and  (2) c h l o r o f o r m - m e t h a n o l  (4:1 ,  v /v )  to e n s u r e  m a x i m u m  r e c o v e r y  
of n e u t r a l  l i p i d .  T h e  a m o u n t  of e a c h  n e u t r a l  l i p id ,  a f t e r  r e c o v e r y  
f r o m  th e  T L C  p l a t e ,  w a s  d e t e r m i n e d  by  g r a v i m e t r y .
I d e n t i f i c a t i o n  of the  m a j o r  n e u t r a l  l i p i d s  p r e s e n t  in  s a l m o n  
l i p i d s  ( t r i a c y l g l y c e r o l s ,  c h o l e s t e r o l  and c h o l e s t e r o l  e s t e r s )  w a s
■ ■■■■'y - \ ' h .
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c o n f i r m e d  by  c o m p a r i s o n  of  R f  v a l u e  u s i n g  a u t h e n t i c  s t a n d a r d s  
i n  d i f f e r e n t  s o lv e n t  s y s t e m s .  F o r  the  s t e r o l s ,  f u r t h e r  e v i d e n c e  
of t h e i r  i d e n t i t i e s  w a s  o b t a i n e d  b y  f e r r i c  c h l o r i d e  s p r a y  r e a g e n t ,  
r e t e n t i o n  t i m e  ( c h o l e s t e r o l )  on  G LC  v e r s u s  a u t h e n t i c  c h o l e s t e r o l  
and  f o r  c h o l e s t e r o l  e s t e r s ,  e x a m i n a t i o n  of t h e i r  m e t h y l  e s t e r  
d e r i v a t i v e s  on T L C .  T h i s  r e v e a l e d  c h o l e s t e r o l  a n d  m e t h y l  e s t e r  
s p o t s .
(b) P o l a r  l i p i d s  ( p h o s p h o l ip id s )
T h e  t o t a l  l i p id  e x t r a c t  (up to 50 mg)  w a s  s e p a r a t e d  in to  i t s  
c o m p o n e n t  p o l a r  l i p i d s  by  c h r o m a t o g r a p h y  on  s i l i c a  ge l  H ( 0 . 5  m m )  
c o n t a i n i n g  m a g n e s i u m  t r i s i l i c a t e  (10%, w /v )  u s i n g  th e  d e v e l o p in g  
s o lv e n t  s y s t e m  c h l o r o f o r m - m e t h a n o l - w a t e r  (65 :25 :4 ,  v / v ) .  T h e  
r e l a t i v e  m o b i l i t i e s  of l i p i d s  in  t h i s  s y s t e m  w e r e  ( in  o r d e r  of 
d e c r e a s i n g  Rf  v a lu e )  t o t a l  n e u t r a l  l i p i d s ,  c a r d i o l i p i n ,  p h o s p h a t i d y l  
e t h a n o l a m i n e  » p h o s p h a t id y l  c h o l in e  and  a c o m p l e x  b a n d  w h ich  co u ld  
h a v e  c o n t a i n e d  p h o s p h a t i d y l  i n o s i t o l ,  p h o s p h a t i d y l  s e r i n e  and 
s p h i n g o m y e l i n .
T h i s  l a s t  b a n d  w a s  e x t r a c t e d  and  r e c h r o m a t o g r a p h e d  on 
s i l i c a  gel  H ( 0 . 5  m m )  T L C  p l a t e s  in  th e  s o lv e n t  s y s t e m  c h l o r o f o r m -  
m e t h a n o l - a q u e o u s  a m m o n i a  (28%, w /v )  (65 :40 :5  v / v ) .  T h e  m o b i l i t i e s  
in  t h i s  s y s t e m  w e r e  p h o s p h a t i d y l  i n o s i t o l >  p h o s p h a t i d y l  s e r i n e ^  
s p h i n g o m y e l i n .  A l l  th e  p h o s p h o l i p i d s  l i s t e d  a b o v e  w e r e  e x t r a c t e d  
f r o m  the  T L C  p l a t e s ,  a f t e r  s e p a r a t i o n  and  s p r a y i n g ,  u s i n g  s u c c e s s i v e l y  
(1) c h l o r o f o r m - m e t h a n o l - w a t e r  (65 :25 :4 ,  v / v )  o r  c h l o r o f o r m -  
m e t h a n o l - a q u e o u s  a m m o n i a  (6 5 :4 0 :5 ,  v / v ) ,  (2) m e t h a n o l ,  (3) 
m e t h a n o l - w a t e r - a c e t i c  a c i d  (9 4 :5 :1 ,  v / v ) ,  and  (4) c h l o r o f o r m -  
m e t h a n o l - w a t e r  ( 5 :5 :1 ,  v / v ) .
j - : ' ' ■ ■ - - r  ____   ________ _____
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A n  a l iq u o t  of e a c h  e x t r a c t e d  l ip id  s o lu t i o n  w a s  r e m o v e d  
f o r  th e  e s t i m a t i o n  of p o l a r  l ip id  in  t e r m s  of i t s  p h o s p h o r u s  c o n t e n t ,  
w h i l e  the  r e m a i n d e r  w a s  t r a n s e  s t e r i f i e d  and e x a m i n e d  on G L C .  i
P o l a r  l i p i d s  w e r e  i d e n t i f i e d ,  b o th  by t h e i r  R f  v a l u e s  in  
d i f f e r e n t  s o lv e n t  s y s t e m s  a g a i n s t  a u t h e n t i c  s t a n d a r d s  and  by 
• s p e c i f i c  s p r a y  r e a g e n t s  ( s e e  p a g e
C a r d i o l i p i n  ( d ip h o s p h a t i d y l  g l y c e r o l ) ,  u s u a l l y  a m i n o r  
c o n s t i t u e n t  of th e  p o l a r  l i p i d s ,  w a s  id e n t i f i e d  a l s o  by  d e t e r m i n i n g  
i t s  a b s o l u t e  c o n t e n t  of  p h o s p h o r u s  in c o m p a r i s o n  w i th  s t a n d a r d  . «
P C  an d  P E .  C a r d i o l i p i n  h a s  a p p r o x i m a t e l y  h a l f  th e  p h o s p h o r u s  
c o n t e n t  o f  t h e s e  two p e r  m o l e  of l i p id .  U s i n g  a c c u r a t e l y  w e ig h e d  4
'I
s a m p l e s  of P C ,  P E  and  C L  i t  p r o v e d  p o s s i b l e  to show  t h a t  on  th e  X;I
b a s i s  of t h e i r  a b s o l u t e  P  c o n t e n t  p e r  g l i p id ,  c a r d i o l i p i n ' s  v a l u e  |
w a s  a p p r o x i m a t e l y  h a l f  t h a t  of t h e  o t h e r  tw o .  i
i!
(iv) Q u a n t i t a t i o n  of C o m p o n e n t  L i p i d s  )
(a) G r a v i m e t r y  ( n e u t r a l  l i p id s )
T h e  c o m p o n e n t  n e u t r a l  l ip id  e x t r a c t s  f r o m  th e  T L C  s e p a r a t i o n  
w e r e  f i r s t l y  r e f i l t e r e d  to  r e m o v e  l a s t  t r a c e s  of s i l i c a  g e l  o r  c a l c i u m  
s u l p h a t e  ( b in d e r )  t h e n  th e  m a j o r i t y  of  th e  e x c e s s  s o l v e n t  w a s  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u r e  in  a r o t a r y  f i l m  e v a p o r a t o r .  W h e n  t h i s  
v o l u m e  w a s  q u i t e  s m a l l  the  l a s t  f ew  m l  of the  l ip id  s o lu t i o n  w e r e  
c a r e f u l l y  t r a n s f e r r e d  to an  a c c u r a t e l y  w e ig h e d  v i a l  and  the  l a s t  t r a c e s  
of s o l v e n t  r e m o v e d  by  a  s t r e a m  of n i t r o g e n .  T h e  v i a l  w a s  r e w e i g h e d  
on the  m i c r o b a l a n c e  and  t h e  w e ig h t  of n e u t r a l  l i p id  w a s  d e t e r m i n e d .  
R e c o v e r i e s  f r o m  T L C  p l a t e s  u s i n g  t h i s  m e t h o d  w e r e  95% o r  g r e a t e r  
f o r  n e u t r a l  l i p i d s .
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(b) P h o s p h o r u s  d e t e r m i n a t i o n  (p h o s p h o l ip i d s )
A n  a l i q u o t  of th e  e x t r a c t e d  p h o s p h o l i p i d  s o lu t io n  f r o m  T L C  
w a s  b lo w n  to d r y n e s s  in  a  s t r e a m  of n i t r o g e n  an d  d i g e s t e d  to  
p h o s p h a t e  by  h e a t i n g  f i r s t l y  w i th  s u l p h u r i c  a c i d  and  t h e n  w i th  
p e r c h l o r i c  a c i d .  T h e  p h o s p h o r u s  c o n t e n t  w a s  t h e n  d e t e r m i n e d  
by m e a s u r i n g  th e  i n t e n s i t y  of c o l o u r  p r o d u c e d  u p o n  r e a c t i o n  w i th  
a m m o n i u m  m o l y b d a t e / a s c o r b i c  a c i d  in  a c i d  s o lu t i o n .
A s s u m i n g  a n  a v e r a g e  p h o s p h o r u s  c o n t e n t  of  4% in  p h o s p h o l i p i d s ,  
th e  t o t a l  a m o u n t  of a  p h o s p h o l i p i d  p r e s e n t  w a s  d e t e r m i n e d  on  th e  b a s i s  
of i t s  p h o s p h o r u s  c o n t e n t  a f t e r  d i g e s t i o n .  P r e c i s e  e x p e r i m e n t a l  
d e t a i l s  a r e  g iv e n  b e l o w ,
1) R e a g e n t s
A l l  r e a g e n t s  w e r e  o f  A n a l a r  g r a d e .
A s c o r b i c  a c i d  (10%) A s c o r b i c  a c i d  (10 g) w a s  d i s s o l v e d  in 
d i s t i l l e d  w a t e r  (100 m l )  and  t h e  s o lu t i o n  w a s  s t o r e d  in  a r e f r i g e r a t o r .
A m m o n i u m  m o l  y b d a t e  (2 .  5%)
S u l p h u r i c  a c i d  (3M) p r e p a r e d  b y  d i l u t i n g  c o n c e n t r a t e d  s u l p h u r i c  
a c i d  (AR, 18 m l )  by  a d d i n g  i t  s lo w ly  to w a t e r  (90 m l )  s t i r r i n g  
c o n s t a n t l y .
R e a g e n t  A ( p r e p a r e d  f r e s h l y )  p r e p a r e d  by m i x i n g  s u l p h u r i c  a c i d  
(3M ,  1 v o lu m e)  w i th  d i s t i l l e d  w a t e r  (2 v o l u m e s )  an d  a m m o n i u m  
m o l  y b d a t e  s o lu t io n  (2 .  5%, 1 v o l u m e ) .  A s c o r b i c  s o l u t i o n  (10%, 1 
vo lu m e )  w a s  a d d e d  and  th e  m i x t u r e  w a s  s h a k e n  w e l l .
P e r c h l o r i c  a c i d  72% (AR)
P h o s p h o r u s  s t a n d a r d  (100 pp m )  ( 4 , 3 8 6  g) w a s  d i s s o l v e d
in  w a t e r  and  m a d e  up  to 10 m l  in a  v o l u m e t r i c  f l a s k .  1 m l  of t h i s
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s o lu t io n  w a s  d i l u t e d  to  1 1 (100 u g P / m l ) .  F o r  u s e ,  25 m l  of t h i s  
s o lu t i o n  w e r e  d i l u t e d  to 250 m l  (10 u g P / m l )
2) A s h i n g  th e  s a m p l e
T h e  l i p id  s a m p l e  ( 5 - 2 0  m g)  o r  an  a l i q u o t  f r o m  T L C )  w a s  
p l a c e d  in to  a  b o r o  s i l i c a t e  r e a c t i o n  tu b e  and  a n y  e x c e s s  s o lv e n t  
w a s  b lown off b y  a s t r e a m  of n i t r o g e n .
C o n c e n t r a t e d  s u l p h u r i c  a c i d  (4 d r o p s )  w a s  a d d e d  to e a c h  
tu b e  w h ich  w e r e  t h e n  p l a c e d  in  th e  a l r e a d y  h o t  d i g e s t i o n  a p p a r a t u s  
( m o d i f i e d  K j e l d a h l  r a c k ) .  T h e y  w e r e  h e a t e d  u n t i l  w h i t e  f u m e s  of  
SO^ a p p e a r e d  t h e n  p e r c h l o r i c  a c i d  (72%, 2 d r o p s )  w a s  c a r e f u l l y  
a d d e d  to e a c h  t u b e .  If the  c o n t e n t s  of the  t u b e s  w e r e  n o t  c l e a r  
in  5 m i n ,  m o r e  p e r c h l o r i c  a c i d  w a s  a d d e d  an d  h e a t i n g  c o n t i n u e d ,  @
T h e  tu b e s  w e r e  r e m o v e d  f r o m  the  h e a t e r  a f t e r  t h e  d i g e s t i o n
w a s  c o m p l e t e d  and  a l l o w e d  to  c o o l  in  t h e  tu b e  r a c k s .  W h e n  t h e y  f
w e r e  c o o l ,  d i s t i l l e d  w a t e r  w a s  a d d e d  and th e  c o n t e n t s  t r a n s f e r r e d
q u a n t i t a t i v e l y  to  v o l u m e t r i c  f l a s k s  (25 m l ) .  T h e s e  s o l u t i o n s  w e r e  
s t a b l e  a t  r o o m  t e m p e r a t u r e  f o r  s e v e r a l  d a y s .
3) M e a s u r e m e n t  of  p h o s p h o r u s  c o n t e n t
A q u a n t i t y  of the  25 m l  d i g e s t  s o lu t io n  c o r e s p o n d i n g  to 
b e t w e e n  1 an d  8 ug  of p h o s p h o r u s  ( o r  i f t h e  s a m p l e  w a s  c o m p l e t e l y  
u nknow n ,  1 ml)  w a s  m e a s u r e d  o u t .
T h e s e  s o l u t i o n s  w e r e  m a d e  up  to 4 m l  w i th  d i s t i l l e d  w a t e r .
A  b l a n k  c o n t a i n i n g  4 m l  of w a t e r  and  s t a n d a r d s  c o n t a i n i n g  2 u g ,  4 ug
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and  6 ug of  p h o s p h o r u s  ( 0 . 2 ,  0 . 4  an d  0 . 5  m l  of s t a n d a r d  P  so lu t ion )  
w e r e  a l s o  m a d e  up .
F r e s h l y  p r e p a r e d  r e a g e n t  A (4 m l)  w a s  a d d e d  to e a c h  tu b e ,  
wliich w e r e  s t o p p e r e d ,  m i x e d  an d  k e p t  a t  37°C f o r  1-| h r .  The  
t u b e s  w e r e  r e m o v e d ,  c o o l e d ,  and th e  a b s o r b a n c e / o p t i c a l  d e n s i t y  
v /a s  r e a d  in  1 c m  s i l i c a  c e l l s  a t  820 n m  a g a i n s t  the  b l a n k .  T h e  
r e a c t i o n  h a s  a l i n e a r  o p t i c a l  densi ty vs  P  c o n t e n t  r e l a t i o n s h i p  u p  
to  8 u g  of p h o s p h o r u s  an d  t h e  p h o s p h o r u s  c o n t e n t  c o u l d  be  d e t e r m i n e d  
f r o m  th e  s t a n d a r d  c u r v e .
C a l c u l a t i o n s
p h o s p h o l i p i d  (%) in t o t a l  l i p i d  
p h o s p h o r u s  (ug) in  l i p i d  ( p e r  m g)  = 25 ^ / v B
p h o s p h o r u s  ( %) in  l i p id  = 2 . 5  VB 
T o  c o n v e r t  to  p h o s p h o l i p i d  (%) in  t o t a l  l i p id ,  m u l t i p l y  by  25,
A = P (ug)  f r o m  a b s o r b a n c e  and  s t a n d a r d  c u r v e  
V = V o l u m e  of d i g e s t  s o l u t i o n  t a k e n  f o r  m e a s u r e m e n t  
B = A m o u n t  (mg) of l i p id  d i g e s t e d .
T o  c a l c u l a t e  t h e  a b s o l u t e  a m o u n t  of p h o s p h o l ip i d  (mg)  p r e s e n t  in a 
d i g e s t  ed a l i q u o t  (C m l )  f r o m  the  t o t a l  p h o s p h o l ip i d  e x t r a c t  s o lu t i o n  
(D ml)  f r o m  T L C .
A m o u n t  of P  (ug) p r e s e n t  in  t o t a l  T L C  l ip id  e x t r a c t  = 25 x  ™ x ~
A m o u n t  of P  (mg)  p r e s e n t  in t o t a l  l i p id  e x t r a c t  = 0 . 0 2 5  ^
A m o u n t  of p h o s p h o l i p i d  p r e s e n t  ( m g  ) = 25 x
VC 
0 . 0 2 5  AD
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T h e  r e a c t i o n  w a s  s e n s i t i v e  dow n to a b o u t  0 , 5  u g .  T h e  
r e p r o d u c i b i l i t y  of the  r e s u l t s  o b t a in e d  by  t h i s  m e t h o d  w a s  + 5 % 
f o r  d u p l i c a t e  p h o s p h o l i p i d  d e t e r m i n a t i o n s .
(v) A r g e n t a t i o n  C h r o m a t o g r a p h y  of M e th y l  E s t e r s
S e v e r a l  m e t h y l  e s t e r  s a m p l e s  ( m a i n l y  of t r i a c y l g l y c e r o l s )  
w i th  a r a n g e  of f a t t y  a c i d s  t y p i c a l  of th e  m a j o r i t y  of s a m p l e s  a n a l y s e d ,  
w e r e  a p p l i e d  to T E C  p l a t e s  c o a t e d  w i th  s i l i c a  ge l  G ( 0 , 5  m m )  
c o n t a i n i n g  s i l v e r  n i t r a t e  (10%).
T h e  d e v e l o p i n g  s o l v e n t  s y s t e m  p e t r o l e u m  (bp 4 0 - 6 0 ° ) - d i e t h y l  
e t h e r  (50:50,  v / v )  s e p a r a t e d  th e  t o t a l  m e t h y l  e s t e r  s a m p l e s  i n t o  a 
n u m b e r  of b a n d s  w h o s e  c o m p o s i t i o n  w a s  d e t e r m i n e d  by  G L C ,  a f t e r  
e x t r a c t i o n  f r o m  th e  T L C  p l a t e s .  T h e i r  r e l a t i v e  m o b i l i t i e s  ( in o r d e r  
of  d e c r e a s i n g  v a lue )  w e r e  s a t u r a t e d  and  m o n o e n o i c ,  d ie no ic ,  
t r i e n o i c  and  p o ly e n o ic  (4 to  6 do u b le  bonds)  m e t h y l  e s t e r s .  S a t u r a t e d .
4-and  m o n o e n o i c  m e t h y l  e s t e r s  w e r e  r e s e p a r a t e d  on  Ag T L C  by  the  
s o l v e n t  s y s t e m  p e t r o l e u m - d i e t h y l  e t h e r  (90:10,  v / v ) .  S a t u r a t e d  
and  m o n o e n o i c  m e t h y l  e s t e r s  w e r e  e x t r a c t e d  f r o m  the  s i l i c a  g e l  
u s i n g  d i e th y l  e t h e r  on ly ,  w h e r e a s  f o r  d i e n o i c ,  t r i e n o i c  and  p o ly e n o ic  
c o m p o n e n t s  d ie th y l  e t h e r  and  c h l o r o f o r m - m e t h a n o l  (9 :1 ,  v / v )  w e r e  u s e d .
G LC a n a l y s i s  of  the  e x t r a c t e d  m e t h y l  e s t e r s  f r o m  T L C ,  
e n a b l e d  t e n t a t i v e  i d e n t i f i e d  of the  c o m p o n e n t  m e t h y l  e s t e r s  f r o m  
e a c h  b a n d .  T h e s e  f i n d i n g s  a r e  d i s c u s s e d  i n  m o r e  d e t a i l  in  th e  
s e c t i o n  d e a l i n g  w i th  th e  " I d e n t i f i c a t i o n  of f a t t y  a c i d s "  (page  37).
V '' - - ' i     -i v-*-- '•  • - - - . - • ■ • - ' .« V 'V •• «V - 't .  /
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